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FOREWORD 

This report has had classified material removed in order to 
make the information available on an unclassified. open 
publication basis, to any interested parties. This effort to 
declassify this report has been accomplished specifically to 
support the Department of Defense Nuclear Test Personnel Review 
(NTPR) Program. The objective is to facilitate studies of the 
low levels of radiation received by some individuals during the 
atinospheric nuclear test program by making as nuch information 
as possible available to all interested parties. 

The material which has been deleted is all currently 
classified as Restricted Data or Formerly Restricted Data under 
the provision of the Atomic Energy Act o f  1954. (as amecded) or 
is Yational Security Information. 

This report has been reproduced directly from available 
copies o f  the original material. The locations from which 
material has been deleted is generally obvious by the spacings 
dlid "holes" in the text. Thus the context of the material 
riL-!?ted is identified to assist the redder in the determination 
of ahether the deleted information is germane to his study. 

It is the belief o f  the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense Uuclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
jnaterial is of  little or no significance to studies into the 
mounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 



AESTHACT 

A considerable part of the overall effort of the 45 projects in the military-effect program W . F  

concentrated on Shot Priscilla, since this was a device of known yield and was designated as  the 
Depzrtn.?-:t of Defense [Don) s : d .  One of the prir.:ary Gbjcctives of the proyrani was to obtain 
d a b  o n  t he  loxding aiid resl ,xs? of structures, duLdriri?:in, blz$t and shock ph.?r.omena in th.e_ 
hi$irr prc=,sure reyious ( z h v ?  50 psi). y to s:udy the ef-  
f e s  o! terrain on blast and shock phcr,onie!l_a, a n o t k r  major ohj&:ive. Also among the pri- 
mary objectives was the study of neutron-induced activity in soils. This s tudy,  together with 
studies of the electromagnetic (EM) signal generated by the detonation, was made primarily on 
shots with reldtively little o r  no shielding. Another impurtant objective was to obtain data on 
delivery cri:eria (nucle?r and blast inputs) for the F-89D aircraft in delivering an MB-1 rocket. 
The final major objective called for obtaining data on the effects of nuclear weapons on a variety 
of military equipment and on a large biological specimen (swine). 

350 feet was obtained. Unfortunately, electronic measurements at ground zero were lost, pre- 
sumably because of the induction signal. 

Measuied values of acceleration agree with predictions bztween the surface and a depth of 
10 feet but remain consldut [or increase) between 10 and 30 feet; below 30 feet, values again 
agree with predictions. The consistently high values between depths of 10  and 30 feet are  be- 
lieved to have been caused by inhomogeneities in the soil. 

overpressure of 210 psi, 6 inches at 200 psi, 3 inches at 100 psi, and 2 inches at 60 psi. 

flat (control) terrain line agree wi th  predictions; (2) overpressures on front slopes of high 
ridges are  higher than those on flat terrain at corresponding distances, whereas back slope 
pressures are  lower; (3) overpressures on low, rolling terrain are higher than those on flat 
terrain for like ground distances, and dynamic pressures are lower; (4) dynamic pressures on 
front slopes of high ridges are  lower than those on flat terrain at corresponding distances, and 
on back slopes they fall sharply below those on flat terrain; and (5) the waveforms on all front 
slopes have a smaller r ise time than that for corresponding waveforms on the flat terrain line, 
waveforms on the back of slopes are very nearly ideal, and waveforms on the low, rolling 
terrain line do not show a strong precursor. 

Strong precursors were formed durlng all  balloon shots, but four out of five tower shots 
showed little evidence of a precursor, suggesting that precursor formation is inhibited by tower 
shielding. 

In Program 2 (nuclear radiation) the results of the studies showed that neutron-induced soil 
activity is a definite tactical hazard at early times. The induced activity was found to be gen- 
erated primarily by thermal neutrons, although epithermal and even fast neutrons contribute. 
The effect of increased moisture was to increase the intensity of the fields, although the effect 
was not as critical as had been expected. The data indicates that, at H + 1 hour, a foot soldier 
crossing the ground-zero area of a weapon of the Shot Owens type detonated at 500 feet over 
Nevada-type soil would accrue no more than 200 r.  If the crossing were delayed until H + 10 
hours, a dose of about 40 r would be sustained. 

As a result of the initial-gamma measurements, it was learned that, over the first 5-second 
Interval for  which data was obtained, the total gamma dose gradually increases with height a -  
boveground, to reach a value 30 percent greater at an altitude of 400 feet relative to the corres- 
ponding ground measurement. There was,no fur ther  increase up to 950 feet. 

S&: %-@ky pris-ntkd t h e  opj>t.+rtb 

_ _  m ~ . - - ~ ~ ,  

In Program 1 (blast and shock measurements) airblast data at ground ranges as  close as  

Surface vertical displacement produced by the blast wave was about 14 inches at an incident 

In the studies of terrain effects, the data showed that (1) measured pr?ssure values on the 
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Results indicate that an MB-I rocket can be fired from an F-89D interceptor aircraft at an 

In P q r a m  3 (effecb on structures) it w88 found that the numemua underground structures 
altitude of 19,000 feet mean sea level with a gamma dose to the crew of less than 3 r. 

sustained lees damage than predicted. It wils also shown, confirming theory, that underground 
arch-type shelters are efflclent structurally to withstand surface air overpressures up to 200 
psi. For the underground structures tested, it W a s  found that a mlnimum of 5 feet of earth 
wver  Is required to provide sufficient radiation shielding h m  a 36.6-kt device. 

n e  aboveground &me structures sustained somewhat greater damage than anticipated. 
The results added to the existing loading and response data of aboveground reinforced concrete 
dome and arch structures. The test generally confirmed existing theory and model shock-tube 
data, wbieh indlcate that, for aboveground protective wnstructlon, the dome is an efficient 
type of structure for use in higher overpressure regions (up to about 70 psi) whereas the arch 
is  inefficient structurally In resisting high-drag loadings. 

Program 4 @iomedical effects) found in the exposure of some 1,200 pigs during Shots Frank- 
tin, Wllson, and Priscllla that the LDso-w is about 486 rep gamma ray*~plus neutrons, based 
on data obtained on the unshielded line of Shot Wllson. This LD,o-s, dosage compares favorably 
with data from project laboratory experiments, but it is  considerably higher than the 230 r 
based OD data lram Operation Greenhouse. 

The main effort wa9 during Shot Priscilla, where 710 pigs were in the open and subjected 
to the effects of the detonation. Because of the small number of wounds of the type desired, 
t5e evaluation of the medical and sufgical treatment did not produce definitive results. How- 
ever, certain conclusions appear valid: (1) For a large bb3lOglCal specimen in the open, within 

. the precursor from a nuclear weapon, the primary cause of death is  mechanical injury to the 
organisms due to translation, and nearly 100 percent a re  killed instantly. (2) Outside the pre- 
cursor (durlng Priscilla the precursor formed at a distance of 450 to 550 feet from ground eem 
and extended out to approximately 4,000 feet) temporary survival may be expected in the open, 
barring total missile injury, but the radiation levels at these ranges a r e  so great that early 
death will invariably ensue. (3) Close-in foxholes (for Priscilla they were at 2,730 feet and 
3,000 feet from ground zero) may provide sufficient protection to prevent total injury from 
blast and burn, but the radiation shielding is inadequate, and a lethal dose of radiation will 
ultlmately be the cause of death, with slightly longer survival time. 

tively, of body radiation were given intravenous transfusions of a mixture of cells from spleen 
and bone marrow. Post mortems of these animals gave no evidence of regeneration of the lMne 
marrow. 

In Program 5 (effects on aircraft structures) the final analysis of data shows that the objec- 
tives of the various alrcraft studies were accomplished, except for the airship project. 

The tm overpressure-prediction methods gave result3 that varied slightly from the results 
ob'ained. Attempts to correlate second shock data were not conclusive. 

Analys is  of data indicates that the crushing eflecls of overpressure will be limiting for the  
HSS-1 helicopter. The delivery capability of the HSS-1 helicopter for nuclear antisubmarine 
weapons can be defined, provided sufficient information is available to accurately predict the 
free-air effect field from underwater detonations. 

si =tern appeared to be satisfactory strengthwise, b i t  tail-assembly movable-surface stops may 
rweive damage from shock-wave forces on the cuntrol surfaces. For the free-flight condition, 
the envelope and ballonet response to shock inputs appeared to be the critical element in the 
airship system. Primarily because of operational difficulties in  the field, the scope of data 
obtained was not adequate to satisfy the b a s k  objectives of the project. 
T e critical response of the FJ-4 structure was determined to be bending at Wing Station 

17.5. &cod L C - , ~  :elation was obtained between rnf .~sured and analytical structural data for the 
FJ-4 f u r  the Ion -yield weapons, but methods for predicting thermal inputs were not satisfactory. 

Heapon.. ., .,.<... ,. 
.. hi'... 

Two groups of swine that had received superlethal dosages of 1,440 and 1,270 rep, respec- 

Under the test conditions experienced by the ZSG-3 airship, the car structure and suspension 

Sufficient data waa obtained to confirm the delivery Capability of the A4D-1 for low-yield 

, .  
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yulytical?y In the capability scc:-'y. The significant F-89 st ructurd loads resul:e.l u.dy frti.:j 

the p s t  associated with the shock wave; thermal and diffraction effects were so sniali as to be 
u. +n,p.wtant. Incrz.mepta! +ynaniii loads were not af??cted by the magnitude of maneuverirg 
k,. .4- er'.-tir!g or, the Str'Jctr-s of thi- F-89 at sl'ccl; arri-ial. 

from the six projects involved 

under nuclear detonations were reasonably accurate; (2) sympathetic actuation i n  the live mine 
fie:?, occurred, indicating the exknsion of clearacre uirder nuclear blast effects; (3) mine 
re*,>, . . ?  uiidcr ~ ~ c l t x r  bbst ef'ect increases wi th  birial  dspth to between 6 and 9 inches and 
the:; decreases at greater deptb, ,  (4) the pressure-actuated devices, High Hat and Par:ner, pro- 
vided significantly improved protection at  high overpressures, but the Partner design was 
questionable a t  pressures beiooa 16 psi; and (5) the three influence-type fuzes tested proved to 
be relatively invulnerable to a nuclear detonation. 

Results of the prcpject to measure EM effects show that the magnetic field component in the 
close vicinity of a nudsar d5tonatlon (1) consists of a field rising to an initial peak in a few 
mlcroseconds and decaying to zero in less than 100 we a s  well as a field of considerably 
longer duration, which r ises to a peak i n  a few milliseconds and decays over much longer peri- 
ods; (2) has its major component in a horizontal plane with maximum peak amplitudes of the 
'order of loa amp-turnslm at distances less than 1,000 meters; (3) has radial and vertlcal com- 
ponents whose amplitudes are  generally smaller than the major component; and (4 )  has rise 
times such that maximum time derivatives of the fiels are  of the order of 10' amp-turns/m-sec. 

The study of the effects of nuclear radiation on transistors and semiconductor diGdes showed 
that components in operating equipment suffered permanent damage comparable to those passive- 
ly  exposed. Both transistors and semiconductors exhibited degradation of performance depend- 
ing upon the  total lnt-grated neutron flux to which exposed 

The study concerning the attenuation of EM radiation through an ionlzed medium found no 
attenuation of radio and radar signals, for  any of the test frequencies employed, as a wnse- 
quence of passage through the nuclear cloud. 

The investigation of a system to indlrectly detect and locate nuclear weapon strikes obtained 
.ines of position that gave fkes  with an average e r ro r  of 0.8 naut mi. In general, the times of 
detonation were established with an error of less thdn 10 msec. It was found that there were no 
consistent patterns peculiar to the waveforms, field intensities, or pulse durations of lightning- 
translents that wuld  distinguish them from the EM Dulse of a nuclear detonation. 

. . .  

In P r u g a m  6 (lest of se-ri?. eQi:?mezt and €hi CIiects) the fo;lo'.?~ng results were oW:!ine.l 

The mine clearance study detarniined that (I) the procedures for predicting mine actuatlon 

. 
. ,  

-* - 
I r 

0 

ensembles tested did not withstand the thermal-input energies of interest lo the Continental 
Army Command. Although a certain amount of protection was achieved in  these experimental 
uniforms because of their ability to retard flaming, not one of them would survive in condition 
to be reusable. 

Flaming of materials was the most startling effect noted during the Plumbbob tests. The 
extent and severity of burns on the animals from this cause far exceeded those from radhnt 
burns. 

A plastic skln aimulant was tested in six basically different configurations. The results 
show that laboratory methods employing the carbon-arc thermal radiation source are adequate. 

Data obtained from materials exposed to Shot Priscilla Indicated that laboratory methods 
for studying ignition of cellulose materials would yield qualitative data that was within 25 Per- 
cant of expected field data. 
' . Results show that the data obtalned by the thermal-radiant-exposure meter (TREM) was in 
4 agreement with that obtained by other instruments as to the exposure level. In addition, 



1 i .. 

the precislon obtained by the "REM appears to be better than that obtained by the metal-foil 
Instrument.. 

Improved Instrumentation for making measurements inside the fireball was tested. Twenty- 
four out of the 25 metal and plastic instrumented spheres and cylinders were recovered. Many 
of the recorders jammed, thus falling to record results; however, it Is felt that the state of the 
art of recording fireball phenomena was advanced as a result of these tests. The art of record- 
hg  is not sufficiently advanced at this time to obtain usable data at a slant range of 160 feet or 
closer for a yleld slmilar to that of Shot Smoky, using the Instrumentation techniques employed 
during Shot Smoky. 

Program 9 (support photography) w a s  primarily of a support nature and consisted of a single 
project ,concerned with (1) technical photographic support of the military-effects programs, (2) 
documentation of the overaii military-effect program and production of a military-effect motion 
picture, (3) documentation of the detonations for release through the Joint Office of Test In- 
formation and for historical purposes, and (4) general photographic support of DOD projects. 
Although same photography was lost because of unusually high pressures, which destroyed the 
camera stations, or unexpected radiation levels that fogged some film, the overall technical 
photographle effort was SucceSSfUl. 



. 

PREFACE 

Operation Plumbbob was the f l rs t  operatlon In which a nuclear device was suspended from a 
balloon for detonatlon and the f l r s t  in which rocket-delivery of a nuclear warhead was  em- 
ployed. It - also the flrst operatlon du rhg  which a nuclear device was fired underground 
in such a way as to produce a fully contahed detonation and yet allow diagnostic measurements 
of device performance. The last of the 24 shots in  which the DOD Test Group partlcipated 
was detonated 1 October 1957. 

This report mnhlns the key results obtained ln the eight technical weapon-effect test pro- 
grams and has been compiled by the Deputy Chief 01 Staff, Weapons Effects and Tests, Field 
Command, Defense Atomic Support Agency. 

is not always treated individually. However, the appendix contalns a brief summary of each 
project. 

For more detail on a partlcuiar project, and especlally on such matters as background, 
theory, and lnstrumentation, which have been deliberately condensed or omitted in thls report, 
the reader is referred to the lndivldual project reports (WT reports). The WT reports are 
le ted  under the projects described in the appndlx. 

This summary report discusses overall results within a technical program, so each project 
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Chapter 1 

INTRODUCTION 

1.1 BACKGROUND 

Based on information from the Atomic Energy Commission (AEC) that a nuclear test series 
would be conducted at the Nevada Test Site (NTS) beginning in the spring of 1957, an  integrated 
program of military-effect tests was planned by the Chief, Armed Forces Special Weapons 
Project (AFSWP), (now Defense Atomic Support Agency, DASA). 
a continuing study of the needs of the Armed Forces for data on the effects of nuclear weapons. 

The original code name for the operation was Pilgrim, but it was changed to Piumbbob 
shortly before the test series began. The weapon-effect program was approved with a budget 
of $6,814,200 by the Assistant Secretary of Defense, Research and Development, 22 August 
1956 (Reference 1). On 13 September 1956 (Reference'Z), the Chief, AFSWP, directed the 
Commander, Field Command, AFSWP, to: (1) execute the military-effect test phases as a 
joint AEC-Department of Defense (DOD) endeavor; (2) coordinate military assistance and par- 
ticipation, in support of the AEC; (3) coordinate operational, training, and troop-observer 
participation; and (4) coordinate Federal Civil Defense Administration (FCDA) participation in 
the military-effect program. 

The Commander, Field Command, AFSWP, was t h u s  responsible for the completion of the 
detailed plans, administration of the technical programs, and the approval and publication of 
Completed reports upon the conclusion of field operations. General policy and guidance for 
military participation in continental field tests of nuclear devices and weapons were contained 
in letters from the Chief, AFSWP, to Commander, Fleld Command (References 3 and 4). 

The Commander, Field Command, represented Chief, AFSWP, as the agent of the DOD for 
coordination with the AEC, its contractors, and any other government agency participating in 
the test activities. Within Field Command, the Deputy Chlef of Staff for Weapons Effects Tests 
(FCWT) had the responsibility for the administration of the program. 

This program was based on 

1.2 OWECTIVES 

The major objectives of the military-effect studies during Operation Plumbbob were in the 
following areas: (1) loading and response of structures, and blast and shock phenomena in the 
higher-pressure regions (above 50 psi); (2) influence of rough terrain on blast and shock phe- 
nomena and on damage effects; (3) neutron-induced activity in soils; (4) delivery critera 
(nuclear and blast inputs) for  the F-89D aircraft in delivering an MB-1 nuclear-warhead rocket; 
(5) effects of a nuclear detonation on a large biological specimen (swine), and (6) effects on 
military equipment. 

ual programs. 
The objectives of each program are dlscussed in detail in the chapters devoted to the individ- 



1.3 SUMMARY OF SHOT DATA 

Yields and environmental data are presented in Tables 1.1 and 1.2. The recommended yield 
values in Table 1.1 are the latest available. In analyzing data, the yield values available at the 
time were used. 

1.4 PARTICIPATION 

The shots on which each project aCtUallY participated are listed in Table 1.9. The DOD 
military-effect program consisted of 45 projects and participated during 24 shots of the Plumb- 
bob series. In some cases, participation varied from that planned owhg to instrumentation 
difficulties at the time of particular shot, changes in yield o r  firing schedule, etc. 

1.5 ORGANIZATION 

During the planning phase, the military-effect program for Operation Plumbbob was imple- 
mented by the Commander, Field Command, through the staff office of FCWT. The organiza- 
tion of this office is shown i n  Figure 1.1. The FCWT staff moved to the NTS and became oper- 
ational 15 April 1957. At that time, ln keeping with the joint AEC-DOD concept for the conduct 
of the operation, this staff office was integrated into the Nevada Test Organization (Figures 
1.2 through 1.4). 
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Chapter 6 

BIOMEDICAL EFFECTS 

 he effort of Program 4. consisting of three projects, was designed t o  (1) furnish in- 
formation on the effects of nuclear weapons on large biological specimens (swine), (2) 
evaluate the eye protection afforded by an electromechanical shutter,  and (3) evaluate the 
casualty effect of missiles translated by a nuclear detonation. To  evaluate the biological 
effect of nuclear weapons, swine were systematically exposed to Shots Franklin, Wilson, 
and Priscilla. 
human volunteers to Shots Boltzmann, Wilson, Priscil la,  Hood, and Diablo. The major 
missile-effects data was obtained from Shots Priscilla and Smoky. 

Eye-protective devices were evaluated by the exposure of rabbits and 

5.1 BACKGROUND 

It is often difficult to extrapolate from a physical measurement to a predicted biological 
response without considerable experience in correlation of these responses. Some effects 
of nuclear weapons have been observed in humans since 1945; but, with the development of 
tactical formations and civil-defense planning involving nuclear weapons, there is a require- 
ment for further analysis of weapon effects. In the absence of experimentation on man, 
the investigation must utilize animals approximating man both in physioloKy and in response 
to trauma. 

adaptability, the pig was selected a8 the one most suitable for this investigation, and 1,200 
swine were obtained from a single breeder. To treat  the nuclear casualt ies,  a field hospital 
was built at the Nevada Test  Site (NTS). 

rabbits’ eyes f rom chorioretinal burns. Although no permanent damage to the eye may 
result f m m  e q o s u r e  to the bomb flash, there may be a temporary loss  of vision (flash- 
blindness). V i sua l  acuity re turns  to normal only subsequent to the dissipation of the after- 
images and readaptation of the retina to the previous level of illumination. This could 
require a length of time of such magnitude that a pilot would lose control of an aircraf t ,  or 
something equally ser ious would result. Therefore, buman volunteers were required to 
determine the duration of temporary blindness of personnel exposed to the bomb flash while 
being protected by mechanical shutters. 

During Operation Teapot, a study was conducted inside a house, on the effects of glass  
missiles resulting from broken windows. It was found that the greatest  casualty effect 
occurred from glass missi les  when windows were subjected to an overpressure of approxi- 
mately 3.8 psi. Since this would not be indicative of combat conditions, it w88 desirable 
to obtain information on the velocities of various battlefield debr i s  and glass when subjected 
to a nuclear detonation. 

After exhaustive tests of various animals, considering availability, handling, and 

During Operation Redwing, it wa8 learned that electromechanical shutters would protect 
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5.2 PROCEDURE AND RESULTS 

5.2.1 Biological Specimens. The project for  determining the  effects of a nuclear deto- 
nation on a biological specimen was broken down into several subtasks. The main objectives 
w r e  to: (1) attempt field surgical correction of injuries i n  the pig, (2) investigate the 
effects of combined injuries at supralethal to nonlethal ranges,  (3) derive the LD,,-,, 
(midlethal dose in 30 days) f o r  a large biological specimen. and (4) obtain information on 
missile injur ies  in a biological specimen. 

To accomplish these objectives, 710 swine were exposed in 11 stations during Shot 
Priscilla. Stations ranged from 2,630 to 9,490 feet from ground zero  as listed in Table 5.1. 
Also, 270 swine were exposed to Shot Franklin to meet Objectiva 3, above. Because of the 
unexpectedly low yield of Shot Franklin, this phase was repeated during Shot Wilson. It 
was planned that the animals would be exposed to between 100 and 800 rep total dose during 
Wilson, but resul ts  indicated that much higher doses  were actually received. 

The results of surgical correction of wounds after Shot Pr isci l la  were not conclusive. 
The wounded animals that survived surgery had received such levels of irradiation that 
their course of death was s imilar  to that of animals tha t  had not been wounded but had been 
irradiated. Animals that received severe missile wounds from glass  wculd have died from 
irradiation anyway. At Station 8, there was only one case  of a wound directly contributing 
to death. Severe missile injuries were experienced, however; some 60 animals were 
evacuated from the exposure stations with either intraperitoneal contents extruded or a 
diagnosed, penetrating, abdominal or thoracoabdominal wound. However, because of the 
heat, dust, and cannibalization of severely wounded animals by those l e s s  severely wounded, 
only 1 9  of the expected 100 animals were evacuated f rom the triage station f o r  the medical 
and surgical treatment study. 

of body surface burned varied from 0 to 50 percent.  
between degree of burn and survival t ime of the exposed animals. There  was no apparent 
effect on the course of wound healing in animals receiving less than 84 rep. In animals 
wounded o r  in animals burned and wounded, the clinical healing of the wounds and burns 
appeared to be little influenced by whole-body irradiation. However, the levels of radiation 
were too low for this phase of the experiment to be conclusive. 

It appeared that combined injuries of the degree experienced in  the 7-psi overpressure 
region of Shot Priscilla (Table 5.1) shortened the survival time by as much as 30 percent 
when compared to the swine exposed to radiation only from Shot Wilson. 
of Shot Pr isci l la ,  ionizing radiation was the decisive injurious agent in nearly all casualt ies 
that did not die pr ior  to  o r  soon after recovery. Within the precursor  region, the primary 
cause of death was mechanical injury to the organism as a result of translation. The 
simulated battlefield environment, which was limited to selected i tems of equipment, did 
not contribute to casualty production. 

region, the animals suffered mass  destruction, dismemberment, g ross  translation, and 
severe burns. At Stations 1 and 2 ,  all animals, except the pig in the foxhole, had been 
blown out of the exposure pens, and the inclosure fence no longer existed. All animals had 
apparently been killed almost instantly, with the animals from Station 1 being blown beyond 
Station 2. At Station 3. the primary cause of death was  again found to be mechanical 
injuries due to translation. Six of the 40 animals in the pen survived the blast. At Stations 
4 and 5, the principalcause of death was radiation injuries,  plus severe burns. At Station 
4,of the 36 animals that were alive upon recovery,  the f i r s t  death occurred withinH+7 hours,  
and the last  pig of the group died at  H+133 hours. All animals at Station 5 survived the 
initial period, with the first animals dying at H+47 hours and the last of the group dying at 
H+167 hours. 

Many of the animals received serious thermal burns. At Stations 6 and 7 ,  the proportion 
There was an inverse association 

Under the conditions 

The immediate effect upon the close-in animals was impressive. Within the precursor  
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The results of the LD,,-, phase of the experiment were well-defined during Shot Wilson 
even though the total radiation dosage received by the swine was grea te r  than desired,  mnd’ 
the neutrons were not as effectively shielded as in Franklin. Animals a t  22 stations were 
eqosed to doses ranging from 410 to 2,475 rep.  with the gamma/neutron dose ratios . 
varying from 1.05 at the  highest total doses  to 1.28 at the lowest total doses. Because of 
the nearly complete mortality of the animals,  the relative biological effectiveness (RBE) 
of neutrons w a s  not determined. The LDso-Jo f o r  pigs was determined to be approximately 
486 rep (Figure 5.1), which compares favorably with information obtained f rom laboratory 
experiments but i s  considerably higher than the 230 r determined during Operation Green- 
house. In the Greenhouse experiment, some 90 percent o r  more of the total dosage was 
due to gamma rays ,  whereas in this experiment the gamma contribution was only slightly 
over 50 percent. 

during Shot Wilson) and 34 animals (exposed during Shot Pr isci l la  to l e s se r  dosages of 
radiation) were given intravenous transfusions of a mixture of cel ls  from spleen and bone 
marrow. The average survival time of the irradiated animals that received transfusions 
of spleen and marrow cel ls  was no longer than that of other animals exposed to s imilar  
levels of radiation. All post mortems of the animals that received the transfusions gave 
no evidence of regeneration of the bone marrow. 

The technique of pinhead leucocyte count appears to be acceptable f o r  use on radiation 
victims. This method consists of taking a drop of blood that can be t ransferred from the 
head of an ordinary straight pin to a slide for  staining, scanning, and comparing with 
photographs of known standards. The resu l t s  of the pinhead count were checked with the 
count obtained by standard methods. The advantages of this method are i t s  rapidity (1 or 
2 minutes versus 15 to 20 minutes with standard methods) and the simplicity of the equip- 
ment required. By the pinhead technique for white blood count above 15,000, there was a 
tendency for the technician to underestimate the t rue count, whereas,  in ranges below 10,000 
there was a better correlation with the standard count. 
correlated well with the amount of radiation the animals received and gave an indication 
of the clinical course of the animals in that, when the peripheral white count fell below 
2.500, death of the animals followed within 24 hours. 

Five animals placed in machinegun-type field fortifications near ground zero  for Shot 
Priscilla survived the blast effects, but four of the animals la ter  succumbed to the radiatiop 
and thermal effects. The static pressures  recorded at the stations are listed in Table 5.2. 
The radiation dosages recorded were unreliable. The animal that survived was recovered 
on D-day, but the four dead ones were not recovered until D +1 because of high residual 
radiation levels at the closer  distances. 
at Stations 2 and 3 survived the blast  and thermal effects. but death resulted f rom radiation 
exposure at 6 and 91 hours,  respectively, after exposure. 

For Shot Wilson, four  animals were anesthetized and placed i n  the crew positions of a 
tank located 1.800 feet f rom ground zero. All of them were dead upon recovery at H+12.  
There was no evidence of struggling on the par t  of the animals,  and, judging f rom the post- 
mortem changes seen ,  all animals had been dead for several  hours. 
extremely high radiation dosage (Table 5.3) ,  there  i s  no possibility that a human tank crew 
could survive a s imi la r  experience. 

Two groups of 9 animals (each of which was exposed to supralethal dosages of radiation 

Peripheral  white-blood count 

Two animals placed in foxholes, 36 inches deep, 

Because of the 

5.2.2 Eye-Protective Shutter. This device was a high-speed electromechanical shutter, 
coupled with a flash detector and a power supply (Figure 5.2). The shutter consisted of a 
pair of movable glass  plates,  each inscribed with a series of opaque lines. The space 
between the l ines was equal to  the width of the lines. When the shutter was open, the lines 
of one plate were superimposed oyer the l ines of the other ,  and, since the width of the lines 
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n3s less than the pupillary width, vision was poss;S!e through the c lear  spaces bekeen  the  
llnes, with no blind areas in the  field of vision. The net effect was that  of a neutral-density 
filter, with 20-percent light transmission. Each plate was held in position by a fine actuating 
wire, which restrained a spring. 

it produced 3 signal that discharged a capacitor iii the power supply. 
released, passed through the wires ,  causing therind expansion to such an extent that each 
plate was moved one-half opacity width by i ts  sprinz (one to the right,  the other to the left). 
The opaque lines of one grid were then alined with the spaces of the other, effectively cutting 
nff  all light to the subject’s eye. Another circuit held the shutter closed for a p r e s e t  interval, 
dter which time the wires cooled and contracted, pulling the plates back to their original 
positions and allowing the subject to see once again. The average shutter closure time was 
e,xpected to be 0.5 msec after sensing of illumination by the detector. The detector could 
not only sense unusual brilliance but also discriminate intensities of a preset rate of 
increase. This precluded the actuating of the shutter if the subject would look toward a 
bright object, such  a s  the sun. 

Service personnel volunteers (mostly f rom the Tactical Air Command), with protective 
shutters, viewed the detonations from a C-47 aircraft and from a t ra i ler  exposure station. 
Control r,abbits, both with and without protection, were subjected to the bomb light. All 
expusure stations were located at slant ranges where the total energy was expected to be 
between 0.04 and 0.1 cal/cm2 so that, in case of shutter failure, the eye would not be exposed 
to more than a safe cborioretinal burn threshold. The crit ical  threshold adopted for this 
project was 0.004 cal/cm* over the first 0.1 second. 

To fully evaluate the effectiveness of the shutter, it  was necessary to obtain thermal 
md photometric data a s  a function of time. Times of special interest  were 0.5 and 100 
msec, corresponding to the average shutter-closure time and to  normal human-blink t ime,  
respectively. The Naval Radiological Defense Laboratory (NRDL), by use of calorimeters.  
determined the amount of thermal energy received at each station. Western photoelectric 
cells were used to measure incident light flux, and RCA 934 phototubes were used to deter-  
mine short time illumination. 

Immediately after exposure, the subject turned to a visual-testing device located slightly 
to the s ide of his position. Visual recovery w a s  tested on either the stereocamptometer. 
or nyctonieter. o r  acombha t ion  thereof. Time to recover useful vision was measured by 
ability to read aircraft  instruments. The time of return to mesopic visual acuity was 
determined ind recorded. Upon completion of visual recovery testing, all human subjects 
Were returned to Nellis AFB for complete ophthalmological evaluation. 

chorioretinal burns and flashblindness (Table 5.4). Human volunteers observing the detonation 
through the operative shutters had no measurable recovery time and no scotoma, whereas 
unprotected rabbits exposed to the bomb flash received minimal chorioretinal burns. 

During Shot Pr isci l la ,  only rabbits were exposed to the flash of the detonation. Animals 
behind inoperative shutters and viewing approximately 20 percent of the radiant energy 
received no burns. This proved that human volunteers can be exposed under these conditions 
without danger of permanent injury. 

tection, whereas two subjects behind inoperative shutters suffered flashblindness with a 
definite recovery period. The t ime to  recover useful vision was 10 and 12 seconds, re- 
SPectively. Rabbits without protection and exposed to Shot Hood received minimal burns. 

‘?e closure time for the shutters w a s  extended on Shot Diablo to approximately 1 msec. 
with the longer exposure time, the subject received full protection. It ia concluded that a 

When tht: flash detector sensed the presence of unusual illumination ahove a preset level, 
The current,  thus 

During Shots Wilson and Boltzmann, the shutters gave complete protection from 

During Shots Hood and Diablo, volunteers behind operative shutters received full  pro- 

To investigate the possibility that the electromechanical shutters might be overdesigned. 
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simple shutter. using the principle of operation reported but with a slower closure tirne 

up to a yield of 71  M. 
less closure density, will give adequate protection from low-altitude nuclear debnatiou, 

T~ evaluate the effect of personnel observing a detonation through a cloud, volunbek8 
the bomb light through a translucent plate of glass. The result  of this test showed 

that an eye exposed in this manner is more acutely affected than the eye exposed to direct 
Time to partial vision recovery is shorter  when the light is viewed directly, but 

the possibility of permanent damage is greater.  When the light source is viewed t h r o u a  
a translucent medium, the possibility of permanent damage is small;  but, due to the lack 
of image formation, the glare effect is all-encompassing, and the individual i s  completely 
flshblinded fo r  a period of time. 

5.2.3 Missile Studies. The study of missile parameters  translated by a nuclear deto- 
nation (CETG Project 33.2) was m3de by Lovelace Foundation for  Medical Research under 
the administrative control of CETO (formerly CETG). The specific objectives were: (1) 
to determine. for various dynamic pressures ,  the velocities attained by planted missiles, 
consisting of military debris at different ranges from a nuclear detonation; (2) to  determine 
the mass and velocities of natural missiles;  and (3) to analyze all data in a manner that 
would aid the assessment of secondary blast casualties. The DOD Test  Group furnished 
part of the required funds and minor logistical support. 

Experimental techniques, similar to those developed during Operation Teapot f o r  the 
study of secondary missi les ,  were used during Operation Plumbbob. The technique 
involved the capture of missiles by an absorbing material ,  such  as polystyrene or balsa 
wood. Velocity of the missile at impact was determined from the depth of penetration, 
missile mass,  and impact area, utilizing calibration data obtained from laboratory 
experiments. 
Galileo. 

One hundred and fifty-five t raps ,  having a total missile-collecting a rea  of about 486 ft', 
were employed in open regions, shel ters ,  and houses. In addition, approximately 234 ft* 
of missile-absorbing material cemented to walls was used to  study missile behavior in a 
shelter and in open regions. 

Secondary missiles were studied in open regions where the measured peak and over- 
pressures ranged from about 4 to 15 psi. The effects of hill-and-dale terrain upon missile 
production were investigated during Shot Smoky. Missiles used in the three shots were  
window glass mounkd in f r ames ,  marked military debris ,  marked gravel, marked spheres. 
and native stone. Displacement distances were measured for stones (weighing up to 1 9  kg), 
which were placed at various ranges from ground zero.  

For Shot Pr isci l la ,  25 stones were placed at each of seven ranges varying from 2,030 
to 6,120 feet from ground zero. Each group of 25 stones was divided into five subgroups, 
whose average masses ranged from 0.249 to 12,442 kg. At a given station, i t  w a s  found 
that the smaller stones were displaced farther than the la rger  ones. The most significant 
result of this study was the marked difference in the displacements of stones placed at 
2,730 feet or less  and those placed at 3,930 feet o r  more from ground zero. The average 
displacements of the subgroups at the lesser ranges were from 614 to 1,262 feet ,  whereas 
the average displacements for  those subgroups at the greater ranges were from 0.3 to 17.2 
feet. 

do not produce missi les  equivalent to those generated by the same kind of windows mounted 
in houses, even when s imilar  slant ranges are involved. Glass missiles produced in  open 
regions were la rger  than those generated in houses, but the velocities were smaller.  For 
the windows mounted i n  houaes. the glass-missile velocities appeared to have been enhanced 

Field experiments were conducted during Shots Pr isci l la ,  Smoky, and 

Analysis of the window-glass-missile data indicated that windows mounted in  open regions 
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by reflection of the shock wave f r o m  the adjoining walls. Further enhancement of missile 
velocities could have been caused by%e funneling effect as the blast wave broke the window 
and spread into the house. The total effect on the missi les  was  as though the shock over- 
pressures were more than twice as great as those actually incident upon the house. 

body by measuring the velocities attained by aerodynamically equivalent spheres. A similar  
type of study was made inside the Upshot-Knothole 3.7 shelter during Shot Priscilla. The 
entry way was left open: the maximum overpressure measured outside the shelter was 
65.4 psi. The velocities of s ix  %-inch-diameter and two S/ls-inch-diameter steel balls 
were measured by use  of suitable absorbing material cemented to the shelter wall opposite 
the door. The difference in sphere s izes  was an attempt to account for varying weights 
and possible orientations of the human body. The impact velocities of the six smaller  
~ p h e r e s  ranged from 99 to 159 ft/sec after about 15 feet  of travel,  whereas the impact 
velocity for the two la rger  spheres  was 53 ft/sec after about 10 feet of travel.  

An attempt was made to learn  something of the displacement velocities for  the human 

5.3 SUMMARY 

5.3.1 Biomedical Project.  The midlethal dose (LD5,-30) of nuclear radiation was approxi- 
mately 486 rep, more  than twice that previously observed at a nuclear test. The radiation 
syndrome noted and the median survival times acer tdned were s imilar  to those observed 
lor  other mammalian species after comparable e.uposure doses during laboratory experiments. 

The animals exhibited morbidity and mortality when exposed to the combined effects of 
a nuclear detonation. Combined injury of whole-body radiation plus wounds and/or burns 
resulted in  a definitely shortened survival time over that of the animal exposed to comparable 
levels of radiation alone. The midlethal dose was approximately 100 to 125 rep lower for  
the animals exposed to all the effects than it was for the animals e.xposed to pure ionizing 
radiation. 

On animals wounded o r  burned and wounded, the clinical healing of the wounds o r  burns 
appeared to be little influenced by irradiation, except at lethal levels. In those animals 
that received supralethal levels of radiation, the burns were dry and grossly healing at the 
time of death. 

When a large biological specimen is exposed in the open to a nuclear detonation, virtually 
100-percent mortality. ei ther from dismemberment or severe translation, will occur within 
the precursor region. A foxhole within this region will protect against  the precursor effect 
and g ~ v e  line of sight thermal shielding but will not necessarily furnish protection against 
ionizing radiation. Blast-translated battlefield debris is not an important cause of casualt ies 
except within the precursor  region where it is  an incidental finding and i s  thus of no clinical 
significance. 

Medical officers in the field who observed the animals i n  the early postdetonation period 
gave a rapid and accurate portrayal of the dominant injury, although definition of the extent 
or degree of thermal injuries was difficult. 
recognizes the injury that requires  immediate therapy-in this case, the mechanical 
Wounds. The ionizing radiation syndrome was not recognized in  the early postdetonation 
Period, because there  were no signs or symptoms. Sorting and treatment of casualties can 
be done only on a symptomatic basis. 

The pinhead count method of performing total leukocyte counts is a faster and more 
accurate method than the standard chamber count for qualitatively analyzing the exposure 

clinically significant doses  of ionizing radiation. 

However. the combat physician intuitively 

. 5.3.2 Eye-protection Shutter. The electromechanical shutter tested during this 
Operation provided protection f rom flashblindness and chorioretinal burns of the exposed 
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human and animal eyes  at distances as close as 15,000 yards  f rom a 10-M detonation. Ag 
a result of these tests as well  as f rom past field studies of chorioretinal burns, a closure 
time of 0.5 msec (from onset of the flash) will furnish adequate protection against the 
deleterious effects of visible and thermal  radiant energy incident from low-altitude 

' 

nuclear detonations of yields ranging f rom 10 to 71 kt. It is concluded that these 
shutters are sufficiently developed for incorporation into a goggle for service testing. 

5.3.3 Missile Studies. It was found that the velocities attained by stones that are 
displaced by the blast wave f rom a nuclear detonation are dependent on the s ize  of the 
stones. with the smal le r  stones attaining higher Velocities and achieving greater  displace- 
ments. On the other hand, f ragments  from windowpanes subjected to the same overpressurn 
on the glass  surface appear to achieve the same velocity regardless  of the s ize  of the frQ- 
rnents. However, higher overpressures  will, in general ,  produce smaller  windowpane 
fragments. Since it is generally accepted that windowpanes are mounted in houses, i t  
follows that these panes, when facing ground zero,  will break as if they were subjected 
to more than twice the overpressure experlenced in an adjacent open area. 

occur to humans when exposed in the open to high overpressures .  This is substantiated 
by translational injuries to swine when exposed in s imilar  regions. 

Velocities achieved by man-equivalent missi les  indicate that severe displacements could 
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TABLE 5 3 M W L l N E  GAMMA DOSE TO SWINE tN 'TANK 
SHOT WILSON 

Ground range: 1,000 Cod. 
Position Gamma Dose 

T 

Tank commander 23,000 

Gunner 18.100 

Assistant gunner 18,500 

Driver 17,150 

" 
ID 
N 

TABLE 5.4 RESULTS OF ELECTROMECHANICAL SHUTTER TESTS 

Blank spaces indlcate lack of conclusive data. 
Distance Radlsnt P d i  UnprOteCted Rabbits Beldnd Human Volunteers 

Exponure Illumlmtion Rabbits inoperative Behlnd Opermve Shot Yleld from 
Ground Zero Shutter8 Shutters 

kt  yd cal/cm' lumen/ftl controls 

Boitzmam 
Ground statlon 

Alr station 

Wllson 
Ground statlon 

Alr s tat im 

Priscll ia'  
Ground statlon 

11.5 
11.600 

21,200 

10.3 
15,136 

19,360 

36.6 
20,649 

0.055 42.500 Minimal burns No burns NO recovery t h e ,  

0.050 - Mlrumal burns No burns N o  recovery time, 

full  protection 

full protectlo" 

0.105 120,000 Mlnlmal burns - No recovery t h e .  

Mlnlmal bums - NO recovery tlms, 0.083 - 
full pL'otectlm 

full protectlo" 

0.180 96.000 No burns t No burns - 
at' station 30,400 0.093 83,600 Burn8 NO burns - 

Hood 71 
No recovery time. Air station 32.426 0.096 03,000 Minimal burns - - full protection 

Diablo 17.0 
Ground stattlun '18.304 0.035 13,200 No burn8 - No recovery time, 

full protectlo" 

* Human sub),leols were not axposad to Shot Prlecrlin. t Lack of burns is ewlalriad by p a m a  obscuration of lhs fn'rball. 



TABU 5.1 Pno.rmT 4.1, snur PRISCILLA 

2.630 

2.730 

3.000 

3,930 

4,150 

4.430 

4,770 

5,320 

6.120 

20 NO No 

20 N" NO 

40 No Ye8 

40 NO Yea 

40 NO Ye8 

145 Yes No 

145 Yes NO 

110 Yes N* 

70 Yes No 

10.0 

9.9 

9.8 

9.2 

8.5 

7.3 

6.1 

4.9 

3.7 

26.3 

22.0 

13.0 

1.9 

1.4 

1.1 

0.76 

0.40 

0.26 

85 

82 

75 

53 

49 

44 

39 

32 

24 

12,100 

10,200 

6.500 

1.490 

1,070 

7 1 1  

435 

197 

65 

8.7ao 20 

7.200 19 

4,290 34 

770 4 

525 0 

323 11 

180 2 

71 1 

19.4 0 

0 

6 t  

52 

86 

90 

l oo - lo t  
97-21 

35-21 

I 

IO 7.380 40 No NO 2.4 0.1 15 12.2 4.2 0 1 

11 9.490 40 No NO 1.4 0.1 6.9 1.1 0.2 0 1 

* M e a  survival tinla of anrmals excluding lhosa dead when recovered. ;; t One antmal rn fohole.  I Murt?.ii@ 100 percent ~n l o  daye. - 
4 Data Inconclusrve. 1 Living at the end of 30 days. 

TABLE 5.2 MACHINEGUN NESTS. SHOT PIUSCILLA 

Ground Ear th  Outslde Entrance Emplaccrnenf Recuvery Survival Came of 
Range Shielding* Overpressure Overpressure Overixesaure Time Time Death Station 

ft  It PSI psi pS, lhOUP8 hours 

N 1.435 9.55 52 25.2 17.8 H+32% 97 R ndiat ion, 
burns 

AZ 1.720 11.2 25.4 t 13.9 109 RudlWtan. 
pnounlonltls 

burns 
A3 1.720 11.2 25.4 14.17 19.2 H t Z 8  173 R d i a l l o n .  

A4 2.280 14.2 11.2 14 67 12.9 H+2R1& 235 Itadm,"n. 
hms. 
pneulnollltls 

A5 2.280 14.4 11.2 14.4 15.2 1114 Prrmmlent 
SUI-YIYOr 

* Lima of sight from demrwlmn Lo subject. t Not determined. 
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Figure 5.1 Thlrty-day mortality for swine. 
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\ I /  -0- ’ v. !, Anti-Glore Shutter . 
I 

TO l l 5 v  -6OcpS supply 

Figure 5.2 Antiglare-shutter system. 
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Chapter 8 

THERMAL RADIATION MEASUREMENTS AND EFFECTS 

Program 8 consisted of three projects: (1) thermal protection of the individual soldier, 
conducted by the Quartermaster  Research and  Development Center of the Army; (2) effects 
oi thermal radiation on a standard-reference material and evaluation of laboratory methods 
for  determining the protection afforded by uniform systems, condutted by the Naval Mate- 
r d  Laboratory (NML); 2nd (31 testing and evaluating certain types of instrumentation, 
namely, streak spectrograph, Naval Radiological Defense Laboratory (NRDL); weapon ef- 
kcts  on materials and instrumentation sys tems inside the fireball ,  a‘right Air Develop- 
!I-ent Center (IVADC); and thermal measuring instrument components, Air Force  Cambridgr 
Pi.scarch Ceqter IAFCRC). 

9.1 THERMAL PROTECTION OF THE INDIVIDUAL SOLDIER 

The long-range objective of this project w a s  to make studies leading to thermal protec- 
tion for the individual soldier and his clothing in the range of 10 to 30 cal/cm2. 
perimental hot-weather uniforms, a flashburn protective cream, and severa l  types of shield. 
!ng materials were tested during Shot Priscil la.  
protected by the various protective devices in various a r r ays  were used as animate re- 
ceivers. The pigs were of the Chester White breed. 

retarded), 5 oz/ydZ. Shade 116, and an inner layer of tubular knit cotton, 3.2 oz/yd2 (T- 
shirt). The materials were new fabrics,  unwashed. This uniform ensemble i s  presently 
recommended by Continental Army Command (CONARC) for standardization. 
previously tested during Operation Upshot-Knothole and was, therefore,  used during Opera- 
tion Plumbbob as a control. I t  i s  identified in  the text as HWC. 
sisted of an outer layer  of fire-retardant-treated cotton poplin, 5 oz/yd2, an intermediate 
layer of tubular knit 50/50 cotton-wool, 4.5 oz/yd2, and an inner  layer  of tubular knit cot- 
ton, 3.2 oz/yd2. 
Identified in the text as HWU. The third uniform consisted of an outer layer  of fire-retard- 
ant-treated cotton poplin, 5 oz/ydz, an intermediate spacer layer of heat-set polyethylene 
cloth, and an inner layer  of tubular knit cotton, 3.2 oz/yd2. The intermediate spacer  layer 
Pi’oisided spproximately ‘/4 inch of a i rspace between the inner and outer layers .  The mate- 
rials were new f lb r i c s ,  unwashed. This uniform ensemble is identified in the text as HWS. 

Also tested during Operation Plumbbob were an experimental flashburn cream, water-in- 
011 No. 305X, 
shielding material consisting of an outer flash-off layer  of vicara,  an intermediate reflector 
layer of aluminized scr im,  and ?/,-inch inner icsulating layer  of ensolite, identified in 
tables as FRI; a shielding material of cotton poplin, Shade 116, .5 oz/yd2, fire-retardant 
treated, identified in the text as  SF; and a shielding material of cotton sateen, OG 107. 
8.5 oz/yd2. non-fire-retardant treated. 
and is identified in the text a s  SS. 

Three ex- 

Young pigs clothed in the uniforms and 

One of the hot-weather uniforms consisted of an outer layer of cotton poplin (non-fire- 

It bas been 

A second uniform con- 

The materials were new fabrics ,  unwashed. This uniform ensemble is 

inch thick, identified in the text as FC; a flash-off reflector-insulator 

The la t ter  i s  the base fabric used in the gas cape 
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During th i s  field test, the outer layers  of 311 uniforms unprotected by shields were di... 
at all energy levels investigated. In addition, in most cases the inner layers  were 

At the same time, the two new ex- 

The burns received directly from radiant e n e r p  o r  

a]so destroyed or damaged to the point of uselessness. 
perimentnl uniforms HU'U and HIVS did provide a fa i r  amount of protection to the animals, 
primarily because they did not flame. 
from glow areas  in the fabric were less  severe and much more extensive than those re-  
ceived under the control uniform HWC, which was not fire retarded and which flamed. I t  
may be concluded, that, although a cer ta in  amount of protection was achieved in these ex- 
perimental uniforms, not one of them will stand us and be reusable under the energy levels 
of interest to CON.4RC. 

It should also be noted that the H I l U  and H I W  uniforms that did not flame were new, un- 
laundered materials that had been chemically treated for f i re  retardance. 
wear and laundering on the surface absorptivity and ignition probabilities were not taken 
into consideration and, therefore,  this test  was not truly representative of field conditions. 
Under the test conditions, the uniforms had the maximum chance of survival. 
the effects of wear and laundering on the chemical fire retardant are unknounorunaccounted 
lor in the test, so any degradation in fire retardance due to those causes  was not repre-  
sented. Although the value of fire retardance o r  flameproofing was startlingly demotistrated 
in this test, it seems unreasonable to expect that chemical f i re  retardance can be main- 
tained in the field to a suitable level. 
toward providing fibers having this feature as an inherent characterist ic.  

!he text 3 s  SP, and a new type of passive calorimeter, developed at  the University of Ro- 
chester, were tested. 

Flaming of materials was the most start l ing effect noted during the Plumbbob tes ts .  The 
extent and severity of burns on the animals from this cause far exceeded those from radi- 
ant burns. Most of these burns were produced in the unshielded non-fire-retarded hot- 
weather control uniforms (HWC) and ranged from 2+ to 5+ over large areas at  all energy 
levels from 10 cal/cm2 up. 
skin signifies a i+ burn. There are corresponding intermediate numerical designations. 
It has been reported that 1+ and 21 burns on pigs correspond to first-  and second-degree 
burns in humans whereas 3t. 4+, and 5+ relate to third-degree burns of varying severity.  ) 

In contrast to the above, the burns on the animals clothed in the unshielded fire-retarded 
H W  and HSW uniforms were considerably less extensive and severe ,  even though the f i re-  
retarded outer layer was completely destroyed, ranging from 1+ to 3+ over scattered 
'mall areas with an occasional small a rea  as much as 4+. The evidence presented makes 
'dr1Y obvious the value of flameproofing or fire-retardation in mitigating both the extent 

The effects of 

In addition, 

It appears that future investigation should be directed 

Finally, a shielding material of neoprene-coated Fortisnn poncho material ,  identified in 

(Drythema of the skin signifies a l+ burn; carbonization of the 

severity of burns to be expected. 

with yield were studiea. 
The effects of energy delivery rate ,  shock arr ival ,  and shock strength and their varia- 

Although the results obtained on this test, both favorable and 
'Jnfavorable, are  conclusive in some respects,  they may well be misleading and only appear 
.'onchive in other respects. These  resul ts  were obtained under a particular set of cond-  

a d  these conditions may vary. One of the more important of these variables is the 
m d  of the weapon. 

With Yield, certain other related and dependent functions of importance to the subject 
"W, Some in such a manner as  to mitigate the effects reported here, others  in such a 

-r as to aggravate them. 
For a given exposure (total 

Oc= delivered to a unit area), the peak irradiance (rate  at which energy i s  delivered to a 
Another way of saying this is that, as the yield 

The first functlon to be considered is energy-dellvery rate. 

decreases with increasing yield. 
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increases, it takes  more time to deliver the same amount of energy to a unit area. 
increased time permi ts  conduction and cooling phenomena to be more effective; hence, less 
damage i s  expected from the same total exposure. 
fect is to decrease damage with increasing yield. 

The second function to be considered i s  shock-arrival t ime, since a r r iva l  of the shock 
may put out burning already started or may remove burning materials;  for any given expo- 
sure, the time of shock arr ival  increases  with increasing yield, permitting more burning 
time. This i s  an aggravating function that increases  with increasing yield. 

shock, which determine whether or not the shock wave is capable of putting out burning. 
The range to which a given shock will extend increases  more slowly with yield than the 
range to which a corresponding thermal exposure extends. 
it  is possible to ignite materials a t  ranges that vi11 never be reached by a shock of sufficient 
magnitude and velocity to extinguish them. 
whose effect i s  to increase damage with incrcasing yield. 

be learned concerning the effects of these functions f rom laboratory studies and from the.+ 
re’ical and mathematical analyses. 

Tables 8.1 through 8.3 give the results of the experiments on thermal protection for  the 
!ndividilal soldier. 

This 

This is a mitigating function whose ef- 

The third function to be considered involves both the magnitude and the velocity of the 

Therefore, with higher yields 

This function is.  tii$refore, an aggravating one . 
Although it is not practicable to conduct tests of materials  under all conditions, much can 

8.2 EVALUATION O F  LABORATORY METHODS FOR STUDYING EFFECTS 
OF THERMAL RADIATlON ON BIOLOGICAL SYSTEMS . . .  

This cxperiment w s  conducted by NML under Project  8.2. A plastic skin simulant de- 
veloped at A’ML that has t h e  thermal properties of human  skin, e losi ly  resembles  human 
skin in optical character is t ics ,  and utilizes a te!nperature cri terion as a measure of bum 
levels was tested during Shots Lassen. Wilson, Priscil la,  and Hood. The primary effort 
was made during Shot Pr isci l la ,  where pigs were exposed concurrently under identical 
conditions. 
obtained therefrom in the field with those obtained in the laboratory under simulated similar 
conditions, to validate t h e  laboratory methods. 
predictions from the simulant data taken in the field with actual burns on animate skin ob- 
tained in the field under identical conditions provided a correlation between the simulant and 
animate skin under these conditions. 
correlation had preceded the field effort. 

(2) blackened skin simulant; (3) the Army’s experimental hot-weather uniform consisting of 
a 5-0Z/ydZ, Shade 116, cotton poplin outer layer  with a 3.2-02/yd2 tubular knit cotton (T- 
shirt) material inner layer  (see WT-1440) covering the simulant in close contact; (4) same 
assembly as ltem 3, but with a 5-mm space between the uniform mater ia ls  and the simu- 
Irnt; (5 )  a dark-gray, 9-oz/yd2, cotton-sateen outler layer with a 4-oz/yd2 white sheeting 
both in f i rm contact with the NML simulant; and (6) same assembly as Item 5, but with a 
5-mm space between the material and the simulant. 

posure a reas  on the resul ts  obtained. Apertures 0.9, 1.7,  3.5, and 7.5 cm in diameter 
were used. 

obtain the maximum exposure variation with the minimum number of stations. 

The objectives were to compare the temperature maxima and burn predictions 

A t  the same time, a comparison of burn 

A considerable amount of laboratory work an this 

Six basically different uniform-simulant configurations were used: (1) plain skin simulant; 

Apertures on the above a r r ays  were varied, to analyze the possible eIfect  of varying ex- 

Some samples were placed under neutral sc reens  of known attenuation a t  each station, to 
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The resu!ts are s h o w  in  Tables 8.4 through 8.9 f o r  Shots Wilson, Pr isr i l la ,  and Hood. 

During Shot Wilson, the temperature of the hare  simulanl was 17 percent less  than pra-  
Because of the extremely low yield of Shot Lassen, no data was obtained. 

dicted, t k  blackened simulant 31  percent less .  
high and characteristic of flaming or glowing cloth. which u a s  a s  expected a t  the radiant 
exposure encountered. 
in close agreement with thosc predicted by laboratory methods, a s  a r e  the high tempera- 
tures under the clothed sirndlant where flaming occurred. 

At  the 7,500-foot station, Shot Pr isci l la  (Table 8 . 3 ,  the temperatures for the bare skin 
simulant a r e  close to those predicteu from laboratory exposures. The blackened sirnulant 
temperature was also close to  predicted value. High temperatures predicted for fabrics in 
contact for both large and sniall aper tures  occurred. The higher temperatures predicted 
for simulants with 3.5- and 7.5-cm apertures  with spaced sateen did not occur, probably 
because of the removal of the flaming cloth by the blast arr ival .  

A t  the 12.150-foot station, Shot Pr isci l la  (Table 8.61, one oscillograph failed to run, 
causing the loss of data on the bare  skin simulant and on the simulant with spaced fabric. 
Predictions based on laboratory measurements indicated a temperature r ise  of 4Z0 in the 
bare siniulant, resulting in a more  severe burn than was actually observed on the animal 
skin. For the simulant covered with sheeting. however, laboratory data indicated that a 
low simulant temperature was to  be expected and, thus, predicted the no-burn observation. 
The temperatures for the 3.5-cm apertures  were, in the two cases  recorded, lower than 
those for the 0.3- and 1.7-cm apertures.  The higher teinperatures under the smaller 
apertures predicted at least  a s  severe a burn a s  that predicted by the larger  exposure area.  
Unfortunately, the data for the largest  (7.5-cm) aperture was lost a s  a result of recorder 
malfunction. 

three of the four situations where a comparison was possible and the no-burn observation 
under the spaced assembly a t  the 12,150-foot station (Table 8.7). 
no-burn observation for the one contact case.  

laboratory methods for 18.3 cal/cm2. 
field test would be small ,  however, if the exposure were actually 15 cal/cm2. 

the 3.5- and 7.5-cm apertures  did not occur in  the field during Hood; again, removal of 
flaming materials by the blast is suspected (Table 8.8). The difference between laboratory- 
predicted and field-recorded temperatures has no significance; lack of protection would be 
indicated by ignition and not by temperature r ise .  
gree of lack of protection in all the situations exposed without screens during Shot Hood. 

The laboratory and'field temperatures  for the screened exposures during Shot Hood a r e  
listed in Table 8.9. * 

The correspondence of skin-simulant temperatures for the six configurations show that 
laboratory methods employing the carbon-arc thermal radiation source with the shutler f o r  
Simulating nuclear weapons pulses a r e  adequate. Since there were no systematic differ- 
ences la rger  than 10 percent between temperatures of the spectrally different bare and 
blackened simulants and the spectral-selective poplin and neutral-gray sateen, the spec- 
trum of the laboratory carbon-arc thermal source may be considered adequate for this 
range of spectral selectivity. Except for the several  cases  of laboratory-field dlfferences 
attributed to blast, the temperatures predicted behind spaced fabrics  indicate that the 
laboratory sources a r e  adequate in exposure area.  The experiment design as to radiant 
exposure selection was successful in that exposures were obtained both below as well as 
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The clothed-sirnulant temperatures were 

The temperatures recorded in  Tahie 8 . 4  for the hare sirnulants a r e  

The skin-simulant temperatures during Priscil la adequately predicted the skin burns in 

It failed to predict the 

During Shot Hood'the skin simulant temperatures were much higher than predicted by 
The  differences between laboratory prediction and 

A s  in the Priscil la exposures, the high temperatures experienced in the laboratory for 

Laboratory methods predicted the de- 



above the important bum thresholds. 
the burns observed on the animals where comparison was possible. 

The skin-simulant temperatures adequately predicted 

8.3 THERMAL EFFECTS ON A STANDARD REFERENCE MATERIAL 

The objective was to determine the adequacy of the laboratory methods employed in 
studying the effects of intense thermal radiation on materials. 
of source parameters  (such a s  irradiation area, t ime variation of irradiance, and spectNm 
were studied. 

The materials were 
exposed at  the two major project stations at  7,500 and 12,150 feet  and a t  four minor sta- 
tions at 6,450, 8,400, 9,000, and 10,000 feet. 

Alpha-cellulose paper was selected for this study, since it represents an idealized kin- 
dling fuel over whose material parameters  optimum control can be exercised. I n  addition, 
two fabrics, poplin, Shade 116, 5 oz/yd2, and sateen, gray, 9 oz/ya2, were also exposed. 
The alpha-cellulose paper was exposed behind four different aperture sizes. For both the 
fabrics and the paper,  additional apertures were used to expose an edge of the material, to 
verify laboratory studies on the edge effects. Apertures used were 0.9, 1.7, 3.5, and 7.5 
cm in diameter. 

Tables 8.11 through 8.16 present 
the results obtained during Shot Priscilla. 
because the blast removed most of the material from the apertures.  However, by examina. 
tion of the shreds of material remaining and s imilar  materials that had been exposed in the 
laboratory, it was possible to determine the presence of charring and the probability igni- 
tion in each aperture. 

The data from Shot Priscil la indicates that laboratory methods for  studying ignition of 
cellulosic materials are adequate a s  to radiant exposure, pulse shape, 'and geometry. Be- 
cause of blast effects,  any definite differences in thermal effects due to aperture size were 
obscured. 

No apparent contradictions between laboratory effects and field effects exist except at 
the 6,450-foot station, where the 30.3-mil-thick alpha-cellulose paper was presumed to 
have not ignited from examination of the residue. Since the laboratory exposure for igni- 
tion is 19 cal/cm2 and the exposure at the station was 2 1  cal/cm2, there i s  the possibility 
that ignition had started and had not gone to  completion when the blast  arrived. 

The data yielded by examination of the materials exposed to Shot Priscil la indicated that 
the laboratory methods employed by NML for studying ignition of cellulose materials would 
yield qualitative da ta  that was within 25 percent of expected field data. 

In particular, the influence 

Participation for this  experiment was during Shot Pr isci l la  only. 

All distances a r e  horizontal distances. 

Edge exposures used a 3.5-cm aperture. 
Table 8.10 presents  comparative laboratory results. 

It w a s  difficult to determine thermal effects, 

8.4 TEST OF THE THERMAL-RADIANT-EXPOSURE METER (TREM) 

This experiment was carr ied out by NML under Project 8.2 a s  an incidental par t  of their 
instrumentation uork  in connection with their  main effor t  2nd that of Projects 4.1 and 8.1. 
The meter tested was a new type passive calorimeter developed a t  NML. It consisted of a 
copper plate of uniform thickness, blackened on the front face for exposure to radian enerW 
.+inst the backface were placed, in point contact, a se r i e s  of pellets with precise  melting 
temperatures. 
approximately 7' C .  

The pellets a r e  obtainable over a wide range of temperature intervals of 

The results obtained a r e  reported in Tables 8.17 through 8.21 and Figure 8.1. 
Results show that the data obtained by the TREhl was in general agreement with that ob- 

tained by other instruments a s  to the exposure level. In addition, the precision (a measure 
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. of the scattering of the data) obtained by the TREhI appears to be better than that obtain+:tl 
by the meta!-foil instruments. 

All thermal-measuring instruments are pulse sensitive in the sense that their results 
are functions of opposing variables in the form of energy delivery and cooling rates. 
case of an instrument whose result  is not a time-based record to which corrections for 
these functions may be applied based on the record,  i t  i s  necessary either to calibrate the 
instrument throughout the entire range of thermal pulses for which the instrument i s  to be 
used or to calibrate i t  for each specific intended use. 

In the 

The TREM is  such an instrument. 

8.5 BASIC THERMAL RADIATION MEASURESIENTS 

Under Project 8.2, NML made basic thermal measurements during Shots Lassen, Wil- 
These were in support of the main efforts in Projects 4.1, 8.1, son, Priscilla, and Hood. 

and 8.2. At the request of Headquarters, Armed Forces  Special Weapons Project (now 
Defense Atomic Support Agency, DASA), measurements were attempted during Shot Lassen, 
and four additional stations, extending out to 50,000 feet ,  were instrumented for  Shot Pr is-  
cilla, to learn something about atmospheric transmission. 

Several types of instruments were employed in this work (1) the NRDL Mark IV disk- 
type recording calorimeter, which records thermal energy received as a function of time, 
used a s  a reference standard; (2) a copper-disk-type recording calorimeter of s imilar  
nature to the NRDL instrument; (3) a metal-foil-type passive calorimeter used by NML on 
previous operations, recording only the maximum exposure; ( 4 )  the TREM, described 

diance as a function of time. 
For Shot Priscil la,  one of the recording calor imeters  a t  each of the two mi jor  stations 

(1,500 and 12,150 feet) was mounted 3.5 feet aboveground to serve as a check on the se!f- 
contained calor imeters  used for Project 8.1 at this  height; the other recording instruments 
were placed at a height of 7 feet. Metal-foil calor imeters  were mounted a t  each of the 
stations of Projects 4.1, 8.1, and 8.2. At stations of Projects 4.1 and 8.1, the instruments 
were mounted at  the level of the exposed animals; a t  the Project 8.2 stations they were 
placed at  the height (7 feet) of the specimens and recording calorimeters. 
ments were placed a t  each location, one behind a neutral attenuating screen. 
instruments were placed a t  each location where other calorimeters were employed; in addi- 
tion, these instruments were used at  19,000, 27,000, 37,000. and 50,000 feet. 

The station for Shot Lassen was at 3,930 feet. 
no results were recorded on any of the instruments. 
were such  that the radiant exposure a t  the station (3,960-foot slant distance) was less  than 
0.008 caI/cm2. 

The radiant e iposure measured at  the Project  4 . 1  station at 2.590 feet during Shot Wil- 
son was not appreciably grea te r  than that at the 2.720-foot station. The a rea  was not sta- 
bilized, and i t  is surmised that this may have been due to popcorning of the sand or  to 
blast arrival effects, producing clouds of dust and obscuring the instruments for pa r t  of the 
thermal pulse. 

The results from Shots Wilson and Priscilla a r e  reported in Tables 8.17 through 8.21. 
For Shot Priscilla. the radiant exposure readings of the foil meters  under the screens  

. above; and (5) the NRDL M a r k  IV foil-type recording radiometer, used to measure irra- 

Two instru- 
The TREM 

The yield of Shot Lassen was so low that 
The  sensitivities of the instruments 

are evidently low. The transmissions for the various screens and screen combinations 
were determined by the use of sunlight as a source and are considered to be cor rec t  to 
within 5 percent. The discrepancy is probably attributable to a deposition of dust in the 
fine screens. At  the three close-In stations of Project  4.1, the quartz windows of the 
TREM instruments were gone, and the Instruments were filled with dirt.  The front-window 
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impact gages in five specimens, and thermal intensity gages in eight specimens. 
specimens were specifically designed a s  c a r r i e r s  for inser ts  of various materials including 
ceramics, metals, and polymers. Nine spheres  of various mater ia ls  w e r e  exposed to  ob- 
ta in  additional ablation data. In addition, one solid graphite sphere was exposed to deter- 
mine the effects of neutron bombardment. For  Shot Smoky, 24 of the specimens were 
exposed at ranges from 150 to 1,380 feet f rom the burst  point. The majority of the speci- 
mens were suspended from cables extending from the shot tower to deadmen. 

Smoky delayed the major recovery effort for approximately 5 months. The tape transport 
System from two of the five tape recorders  operated satisfactorily, for  the recording tape 
supply became exhausted. One recorder  operated successfully through time zero but was 
subsequently damaged f rom lateral  acceleration, and the tape was severely damaged from 
excessive heat. One recorder  operated momentarily, moving the tape approximately 

Four 

Of the 25 specimens exposed, 24 were recovered. The high radiation level after Shot 
~ 

I 
~ 

~ 

! 
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'h inch. 
Shot Priscil la operated a short  time before the tape wrapped around the pinch roll,  subse- 
quently jamming the recorder. 
interest, one tape provided four channels of information that could reasonnhly bt consti-ued 
as transducer outputs, 
ess, however, casts some doubt on the amplitude validity of the data. 

ble of operating satisfactorily a t  a slant range of 350 feet or c loser  for a yield s imilar  to 
that of Shot Smoky. Strain-sensitive transducers employing bonded wire s t ra in  gages 3re  
capable of being exposed inside the fireball of a nuclear detonation without an appreciable 
change in the calibration factor a t  a slant range of 350 feet or greater  with exposure con- 
ditions and yield s imi la r  to that of Shot Smoky. 
recording fireball phenomena was advanced as a result  of this test; however, i t  is believed 
the ar t  of recording is not sufficiently advanced at this time to obtain usable data a t  a slant 
range of 160 feet  or closer  for a yield s imilar  to that of Shot Smoky using the instrumenta- 
tion techniques employed during Shot Smoky. 

Three specimens instrumented with velocity-distance impact gages yielded apparently 
reliable velocity versus  distance data and, subsequently, specimen acceleration versus  

The exact cause of failure has not been determined. The  recorder  exposed during 

Of the three tapes that yielded signals during the time of 

Consideration of several  factors  involved in the data reduction proc- 

Transistor oscil lators of the type employed in the instrumented specimens a r e  not capa- 

It is believed that the state of the a r t  of 

During Shot Smoky, the Haveg Rocketon and plastic mater ia ls  provided adequate thermal 
protection for the tape recorders  located in the electrically instrumented (EI) cylinder at a 
slant range of 160 feet .  The plastic shell and materials provided adequate thermal pro-  
tection for the tape recorder  located in the electrically instrumented steel  sphere,  at a 
slant range of 350 feet. The reduction in radius of the spherical plastic shell surrounding 
the electrically instrumented steel  sphere, was approximately 2 y2 times the reduction in 
radius of a solid steel  sphere of comparable s ize  and weight located at  the same range. 
Both spheres were exposed at  a slant range of 350 feet. 

tions before and after shot. 
Figures 8.2 through 8.13 show the specimen a r r ay  and examples of specimen configura- 

Table 8.23 outlines information concerning the individual 
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No bum. 

Two .mdl  Y.U ol1. M d  

No Illm 

No bum 



TABLE 8.4 MAVMUM TEMPERATURE RISE OF SKIN SIMULANT AT 
3.930-FOOT STATION, SHOT WILSON 

Laboratory values are lor 17.5 cal/cm' and a 1, of 0.11 second. 

specimen Skin Simulant Temperature Rise Dlrrerence 
Specimen, Maximum 

Covering Laboratory Field Diameter 

cm C C percent 

1 Uncovered 3.5 114  95 -11 

2 Uncovered, blackened 3.5 168 116 - 3 1  

3 Poplin and sheeting 1.7 30 to 60 5 1  - 
i n  contact 

- 4 Gray sateen and 1.7 30 to 60 38 
sheeting i n  contact _- 

.I 

TABLE 8.5 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT 
7,500-FOOT STATION, SHOT PRISCILLA 

Laboratory values are  far 15.0 cal/cm' and a 1, of 0.20 second. 

Specimen Skin Sirnulint 
Maximum 

Temperature Rise Difference Spec'men9 Aperture 

Coverlng Diameter Laboratory Field . 
cm C C ' percent 

1 
2 

3 

4 
5 

6 
7 
8 

9 
1 0  
11 
12 

1 3  
14 
15 

Uncovered 

Blackenrng 

Poplin and 
sheeting in 
Contact 

Gray sateen 
and sheeting 
in  contact 

Poplin and 
sheeting 
spaced 5 mm 

Gray sateen 
and sheeting 
spaced5 mm 

0.9 
3.5 

3.5 

0.9 
7.5 

0.9 
0.9 
7.5 

0.9 
1.7 
3.5 
7.5 

0.9 
1.7 
3.5 

100 
100 

140 

30 to 60 
30 10 60 

30 to 60 
30 to 60 
30 to 60 

10 
12 

30 to 60 
30 Io 60 

20 
28 

30 to 60 

93 -7 
94 - 6  

115 -18  

53 - 
71 - 
7 i  - 
46 - 
47 

1 6  
19 - 
25 
30 

14 - 
20 
22 

- 
- 

- 
- 

- 
- 

16 7.5 30 to 60 22 - 
* Lab temperature rise maxima are critically dependent on completion of 

combustion. 
signlficmt in ihcse situations. 

Differences in ignition and not m z u m u m  temperature rise are 
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TABLE 8.6 M.4XIMUM TEMPERATURE RISE OF SKIN S I M U L U T  AT 
THE 12.150-FOOT STATION, SHOT PHlSClLLA 

~- Labordtnry values are for 6.6 cd/crn' and a t u  of 0.20 secind. 

Speccnirn Skm Slmulmt 

- 
spec,",e", hlUL","", 

Aperture 
D,ar"rter Temperiture R ~ z e  Difference 

Coverlllg ~- Laburalory Fieid __ ___ 
crn C C percent 

1 Uncorered 0.9 42 - 
e 3.5 4 2  - 
3 BLackcning 0.9 59 50 - 1 5  
i 3.5 59 

5 Poplin and 0.9 21 
6 sheeting 1.7 2 4  16 i Y  
1 In contact 3.5 24 25 14 
Y 7.5 24 

9 C r i y  sateen 0.9 21 25 7 1 4  
10 and sheering 1.7 24 26 + e  
11 Ln contact 3.5 24 24 0 
12 7.5 24 

1 3  Poplin and 0.9 2 
14 sheeting 7.5 4 

spaced 5 mm 

15 Sateen and 0.9 2 
sheeting 7.5 5 
spaced 5 mrn 

. +  - . - 

- 

- 
- 
- 

- 
- 

*Temperacurer were  not recorded. 

TABLE d.? MAXIMUM TEMPERATURE RISE OF SKIN SIMULAXT AND RESPONSE OF PIGS AT 
THE 7.500-FOOT AND 12,150-FOOT STATIONS, SHOT PRISCILLA 

Skin Sirnurun Initial 
Skin 

Specimen Radiant Burn Temperature Predicted 
Pig Covering Pig No. Eqarurs Aa~essment Rise Maximum Burn .- 

Bare 1 
t 
3 

1 
2 

3: 

;. Poplin and 
sheeting 
In  contact 3 

1 
2 
3 

Poplin md 1 
sheeting 2 
spaced 5 mm 3 

1 
2 

cd/cm' 

6.5 1 + mild 
1 + mild 
No burn 

15 3t 
2 +  
3t 

6.5 1 + severe 
No burn 
1 + mild 

15 3 +  
1 + mild 
2 +  

6.5 It mild 
No burn 
I t m i l d t o  
w burn 

15 3 +  
No burn 

93 In eleels 
O f  3+ 

25 2 +  mi ld  
2 +  mild 

60 In excess 
Of 3* 

27 In excess 
Of2+ 

C 

- 
36 
31 

- 
38 
36 

3 No burn 



c 

TABLE 8.8 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT 
10.500-F0(31 STATION. SHOT HOOD 

1 
2 

3 
4 

5 
6 

7 
U 

10 9 

13 12 
11 

14 

15 
16 
I7 
i n  

crny $alee" 
and sheeting 
spaced 5 mrn 

0.9 
3.5 

0.9 
3.5 

0.9 
7.5 

0.9 
1.5 

0.9 
1.7 
1.7 
1.7 
3.5 
7.s 

0.9 
1.7 
1.7 
3.5 

105 
105 

142 
142 

30 lo 60 
30 to 60 

30 10 60 
30 lo 60 

10. 
12 
12 
12 

30 to 60 
30 lo 60 

20 ' 
28 
28 

30 10 60 

81 -25 
75 - 29 
113 -20 
114 - 20 

- 17 
T I  - 

- 16 
53 - 

- 19 7.s 30 lo 60 33 

*Lab  temperature r ~ s e s  are crilrcnlly dependenl on arn~unl of clolh actuzlly 
burned. D~lfereneer in igmlion are rmponant here rather lhyl temperaturs rise.. 

TABLE 8.9 MAXIMUM TEMPERATURE RISE OF SKIN SIMULANT AT THE 
10,500-FCOT STATION, SCREENED EXPOSURES. SHOT HOOD 

Laboratory YOIU~I are for 4.0 cal/cm' end at,  of 0.27 recon& 

Specimen Skin Stmulmt Temperature R m e  Difhrencm 
Coverlng D'ameter Laboratory Field 

- 
spe'omen. h!aX,rnU* 

cm C C perCe"1 

1 Uncovered 
2 

3 Blsckming 
1 

* Poplin and 
6 rhestinr 
7 in C""l.EI 

8 
9 

10 

11 GIly  sstllen 
12 and sheeting 
13 I" FOnlaEl 

14 
15 

16 Poplin and 
11 sheeting 

spiced 5 rnm 

I 8  C r q  $alae" 
19 and sheeting 

0.9 
3.5 

0.8 
5.5 

0.9 
1.7 
1.7 
1.7 
3.5 
7.5 

0.9 
1.7 
1.7 
3.5 
7.5 

0.9 
1.5 

0.9 
7.5 

26.3 25.2 
26.3 25.8 

35.3 40 
35.3 40 

I* 16 
15 21 
15 17 
I5 21 
15 21 
15 23 

I4 19 
15.5 21 
15.5 22 
15.5 20 
15.5 24 

2 3 
I 4 

2 1.5 
5 5 

-4 
- 2  

- l a  
-15 

+ 14 
i 40 

+ 4Q 
t 4 6  
153 

t 35 
t 39 
t 42 
+ 32 
t 55 

l a  

- - 
- - 

spaced 5 mm - 
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TABLE 8.11 EFFECTS OF THERMAL RADIATION ON STANDARD-REFERENCE 

ern 
0 9  
1.5 
1.5 
¶.5 1.ar.l 
7.5 

0.8 
1.5 
1.5 
1.5 1e.1 
7.5 

0 9  
1,s 
3.0 

1 .5  
3.5 (.*.I 



TABLE 8 . 1 2  EFFECTS O F  THERMAL HADlATlON ON STANDARD-REFERENCE  MATER[^^ 
AT THE 7.500-FOOT STATION. SHOT PRISCILLA 

TABLE 8 .13  EFFECTS OF THERMAL RADIATION ON STANDARD-REFERENCE MATERIALS 
AT THE 8.100-FOOT STATION. SHOT PRISCILLA 

Q f 13 ca l /cm'  

Lib Radlmi 
from Lab. D.L. Elpnsvre lor 

mameter 01 Effect Prcdleced 



I 

T A B L E  8.14 EFFECTS OF THERMAL RADIATIOH ON STAXDARD-REFERENCE !,T.ATEHI.4L'j 

Q = 10 cal/cm' 

,4T THE 9,000-FOOT STA710X.  SHOT PRrSCtLLA 

- 
Y.ler1.L Dt.mrcr 01 Ensel PredIcUd mserrcd ~ n c c i  m. nnamt 

Aprkur.  l ran L.h DSU E"W."rc lo, 
-.erred 
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T A B L E  8.16 E F F E C T S  OF THERMAL RADIATION ON STANDARD-REFERENCE  MATE^ 
AT THE 12.150-FOOT STATION. SHOT PRISCILLA 1% 

0 = 6.5 cal/cm' 

TABLE 8.18 THERMAL RADIATION, SHOT PRlSCILLA. 
PROJECT 8.1 

F"ll M C m I  
C0pp.r 

SIsnl Recordmng Pl i l r  
MCLCT. 

screen Radiant 
PellP,* f l l " l r n l l S l 0 "  Elpurure 

Dirunrr Meter 

____  
I t  CII..Crn' rs1 icrn '  C d , ' C r n *  

23 
- - 0.095 16 

2 1  
- - 0.093 9 

19 16 3 15 
13.8 - 0.14s LO 

8 

- 2. 5.850 - 

6.490 - - 21 

- _ .  
1.340 

9.020 - - 10 - - 0 143 6.S 

S 
6 1  - 0.48 4 

- 12.170 6.7 4.9 

1 ea 



1.085 

3.995 

C 1 0  

4.480 

4.1120 

s.390 

6.160 

1.1180 

'ABLE 8.20 THERMAL RADIATION, SHOT PRISCILLA, PROJECT 8.2 STATIONS 

n 

l.lD 

W O  

8.140 

9.010 

0 9 2 5  

1.110 

9.020 

18 18.9. .a' 0.20 - 11 1 i . O  11 0.16 18.0 2 h S  0.20 
21.5 0.21 I 1  13.2 21  0.20 0.15 I 13.1 - - - 
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T A E h  8.21 THERMAL RADIATION, SHOT WILSON, 
PROJECT 4.1 STATIONS 

- 
cower Pl.1. Foil 

2.720 - 29 
- 31 

29 
0.013 34 
- 
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0 1  

8 ,  

8 4  

9 ,  

1 

S 

3 

3 

2 1  

2 -1  

2 1  

2 1  

2 1  

2.1 

2 1  

I 5  

1.5 

I 5  

I 2  

I 2  

L.2 
Y 

2 5  - ;  033 
I 

O 560 J 32 

0 550 0 I S  

I n e r t  Sphere 

MI BorlinK 0*11 

Iron Sphere 

21°C Insert Spbcrc 

Tifulniurn Sphere 

Molybdenum Sphere 

Stalnlesa S e t 1  Sphere 

C o p p r  Sphere 

PIPSIIC Sphere 91LD 

E l  Steel Sphere (Wpe 31 

MI Steel Sphere IType 41 

Insect Sphere 

Lnrcrl Cylinder 

HI Sphcrc ITyp  501 

Crrplii lc sphcrc 

E l  Plxstle Sphere 

I n c h 8  pounds 

13 316 

13-44 3>0 

13.14 230 

I 5  2,300 
11 reel long) 

13 . i4  

I3 

13 I< 

5 

LO 

10 

8 

8 

8 

8 

8 

13.44 

13 

13 44 

10 

I O  

5 

247 

318 

311 

4 

149 

135 

44 

$3 

7 1  

81 

I1 

2 $7 

318 

320 

I 35  

133 

* 

13 4 4  40 
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Figure 8 .1  Basic thermal-radiation measurements, Shot Priscilla. 
Comparison of TREM with other techniques. 



Figure 8.2 Exposure technique for electrically instrumented 
plastic sphere, Shot Priscilla. 

Figure 8 . 3  Exposure technique for cylinders, Shot Smoky. 

1D1 
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Figure 8.4 Exposure technique for specimens, Shot Smoky. 



I 
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Figure 8 .5  Typical specimen arrays, Shot Smoky. 
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Figure 8.6 Assembly stages, electrically instrumented steel sphere. 
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___Y . " - 
Figure 8.7 Typical mechanically instrumented steel sphere, Shot Smoky. 
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Figure 8.9 Electrically instrumented steel sphere, Type 2, 
slant range 250 feet. 

Figure 8.10 Plastic shell sections from electrically instrumented 
steel sphere, Type 3,  slant range 350 feet. 
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. '. 
Figure 8.11 Postshot recovery photograph of electrically instrumented 
steel cylinder, slant range 160 feet. 

1 .  

r J '  
c 

Figure 8.12 Postshot photographs of mechanically instrumented bowling ball, 
Specimen No. 21, slant range 400 feet. 
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Section AA 

Section BB Section CC 

Figure 8.13 Postshot view and profile drawings of zinc insert 
sphere, Specimen No. 20, slant range 400 feet. 
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Chapter 9 

~L'PPORT PHOTOGRAPHY 

This program was primarily of a support nature and consisted of a single project concerned 
, l rh  (1) technical photographic support of the military-effect programs, (2) documentation 
,,(the overall program and production of a military-effect motion picture, (3) documenta- 
tion of the detonations for release through the Joint Office of Test  Information and for his- 
lorica1 purposes, and (4) general photographic support of DepartmeQt of Defense (DOD) 
projects. 

F,<ntation for the following shots and DOD projects. 
For the purposes of technical photographic support, Program 9 provided camera instru- 

Shot Project - 
Franklin 5.2 

6.3 

Ldssen 2.10 

Wi 1 son 2.10 
6.3 

Priscil la 1.3 
3.6 
4.1 
6 . 3  
8.1 
8.2 

Hood 2.1 
8 .2  

John 9.1 
9.1 

Owens 1.2 
2.10 
6.3 

Smoky 1.8 
1.8 
6.3 

Stokes 5.2  

Purpose 
. .  

Blimp effects 
Cloud tracking 

Kytoon position and effects : . 

Kytoon position and effects 
Cloud tracking 

Shock wave photography 
Dome deflection 
Biomedical photography 
Cloud tracking 
Thermal effects 
Skin simulant effects 

Cloud tracking 
Skin sirnulant effects 

Fireball photography 
Cloud tracking 

Rocket launcher and canister positions 
Kytoon positions 
Cloud tracking 

Shock wave photography 
Tank model photography 
Cloud tracking 

Blimp effects 

For the purposes of documentation of the weapon-effect programs and the production 01 

a military-effect motion picture report ,  approximately 75,000 feet of color motion-picture 
film were taken a t  the tes t  site. This footage was planned and accomplished to cover the 
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,as produced. 
TO document the detonations for  historical purposes and for  release to the p re s s  through 

:he Joint Office of Tes t  Information. both color and black-and-white coverage of each dcto- 
lation was accomplished from an  airborne camera  station and a forward-area manned 
:amera station. 
; j e  of laboratory facilities established at the tes t  site, i t  was possible to process ,  c!assify, 
,$d release coverage to the p r e s s  within 2 hours  a f t e r  each detonation. 

In general support of the participating DOD projects,  approximately 5,000 still photo- 
p p h s  were made 3t the test  site. 
Lhardtoiy facilities were also used to process  microfile and oscillograph records a s  
rsquircd. 

50D projects. Although some photography w3s  lost because of unusually high pressures  
icd radiation levels, which destroyed some equipment and fogged some film, the overall 
.cchnical photographic e f for t  can be considered successful. 

This  coverage consisted of still and motion-picture photogrnphy. By the 

Immediate pr ints  were produced for use of the projscts. 

Program 9 fulfilled its overall mission in providing photographic support to the various 
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Agpeo& 

PROJECT ABSTRACTS 

A.] PROORAM k BLAST MEASUREMENTS 

w-1401. Project Offlcer: E. J. Bryant. 
A.1.1 Pmject 1.1. Agency: Ballistic Research Laboratories. Report Title: Basic Airblast Phenomena, 

Surface level overpressures and dynamlc pressures were measured during 14 shots of Operation Plumb- 
The information was obtalned on (l) overpressure and dynamlc pressure'as a function of time and din- 

me, (2) formation and history of precursor waveforms. (3) appllcabiiity of sciuhg laws for determining 
surface and near-surface pressure from high-altitude bursts. and (4) valldlty of the pressure-distance curve 
b the low-pressure region 

Ln the= experiments, 223 overpressure-time gages and 57 dyaamic pressure-time gages were used. 
Tkse gages yielded 114 overpressure and 47 dynamic pressure records of good quallty. 

f i t  Priscilla was the flret test durlng which emphasis was placed on the high-pressure reglon. A sharp 
rising classical pressure-time wave w a s  measured at 350 and 450 feet. and it was not until the third station 
at 650 feet that 8 precursor wave was observed. During Shot Prlacilla. good comparison was  obtained be- 
tsnen tbe predicted blast wave parameters and the measured values. 

sh of the &e. All precursor-producing shots provided waveform data i n  the desired region above 50 psi. 

memremente at five stations during Shct John. Seven gages gave good pressure-time records. two re- 
mdad peak pressure. and one fafled to record. 

Measurements in the low-pressure region (0.1 to 1 psi) showed large variations In maximum pressure 
4 indicated that temperature and wind velocity can subsrantially change a shock wave when the pressure 
11 weak and the travel time Is long. 

Nlne ahds were Instrumented for precursor waveform Information, and precursors were observed on 

Ten self-recordlng, low-pressure gages were used to make surface and near-surface overpressure 

A.1.2 Projed  1.2. Agency: U. S. Naval Ordnsnce Laboratory. Report Title: Field Test of a System for 
Meuurlng Blast Phenomena by Airborne Gages, ITR-1402 (ITR considered final). Project Officer: P. Hanlont 

Project 1.2 participated In Operation Plumbbob in order to proof-test prototype airblast Instrumentation 
for Operation Hardtack and tn traln personnel In handllng this experiment under Ueld conditions. The air- 
blast systems consisted of (1) parachute-supported canisters containlng self-recordlng mechanical pressure 
gages thnt were deployed by means of rmkets  and (2) balloon-supported pressure instrumentation 

Four fully instrumented rockets were U m d  successfully. With the exception of one. the rockets per- 
formed satisfactorfly. The fourth rocket functioned normally through parachute deployment, at which time 
the afterbody over-rode the parachute and became entangled, causing an abnormally fast rate of descent 
h spite of the malfuncum, P pressure record was obtahed. This type of malfunction can be corrected 
The test of t b  balloon system was limited as a result of the pretest loss of three of the four balloons. 

Tbe limited experiment (one balloon was flown at a height of 200 feet above the surface supporting one gage 
at au altitude of 25 feet) was successful. However, in light of the experience gained, it is apparent this 
system must be modified The load supported by the balloons must be reduced. 

time records were obtained in all cases except one. In one of the rockets a pressure record was not ob- 
Wned, due to a failure in the electrical system. There nere  several defects noted in  the system, none 
Of which are considered serious. The general performance of the system was satisfactory. It was con- 
cluded that the basic design was sound. 

The pressure and recording equipment were used with both the balloon and rocket systems. Pressure- 

A.1.3 ProJect 1.3. Agency: Stanford Researcb lnstihlte. 

The basic objective was to obtain data on the varfation with time and ground range of overpressure and 

Report Title: Air-Blast Phenomena In the 
nigh-Pressure Region, WT-1403. Project Officer: L. M. Swift. 

dynamic pressure resulting from a nuclear explosion. Particular emphasis WIIB on phenomena in the region1 
Of high pressure (above 50 psi) and disturbed (nonclas6ic) blast waves. A secondary objectlve was to provide 
&tailed data on blast arrival tlme versus ground (or slant) range, especially ai close-in ground ranges. 
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Surface level and aboveground statlc overpressures, near-surlace dilferential pressures (pltot-tube), 
mapsurface fotal pressures were measured on a low-burst-helght nuclear explosion (Shot Prlscllla) 

,w lest, 36.6 la. Gages were placed atground ranges from 450 feet to 4.500 feet. with a concentration 
d w ~ u r e m e n t s  In the hfgh-pressure region. Blast switches. which measured arrival tlme only, were 
p& at several ranges. the closest a t  100-foot range. Usable records were obtahed on 39 of the 47 
elslmnic channels. 

A precursor wave formed near 500-foot ground range. and dlssipated between 2,000 and 2.500 feet. Shot 
prlmllla shock velocity agrees with the Ideal except between 500- and 2,000-foot ranges w k r e  it exceeds 
& ~&d. Computed preshock arrival surface temperatures a re  significantly higher than those computed 
br $bot 12, Operation Teapot. 

At high pressures, overpressures agree well wlth those predicted over an Ideal surface, although sur- 
*e mutma are depressed below the ideal curve. Maximum precursor overpresbures out to about 1,000 
fniare appraxlmately one tenth the peak overpreosure and decrease with g r a d  range at about the same 
nls as the peak overpressure. 

Ta-head  pressures obtained In the Mach reflection reglon agree with the Ideal until 850 feet. f rom 
19 LO 2,500 feet, peak total pressure Is signlflcantly blgher than the Ideal. 

yulmurn dlfferentlal pitot-tube pressures a re  higher than predicted over an Ideal surface. Maximum 
ufeRnilal pressure Is computed from total-head pressure and overpressure measurements. Marlmum 
wamlc (air-plus-dust) pressure computed from Mach number and surface overpressure i s  lower than 
!&dell at close-In stations, agrees with Ideal at mld-ranges, and exceeds Ideal at 2,500 feet and beyond. 

Differential pressure waveform classlflcatlons based on the degree of devlatlon from the correspondhg 
orelpressure waveform Indlcates !hat at close-in scaled ground ranges total-head pressure waveforms 
!oUm fairly closely those of t h  overpressure. T b  greatest deviations a re  concentrated between 450 and 
NO leet scaled ground range and 100 and 300 feet scaled burst height. 

Comparison of Hess' stagnation bubble theory wlth precursor phenomena suggests that this theory can 
, b u s d  to descrlbe precursor formatlon. 

A.1.4 Project 1.4. Agency: Stanford Research Institute. Report Tltle: Ground Acceleration, Stress, 

Project 1.4 objectlvea were to measure underground effects of a nuclear a l r  burst (Shot Priscllla: 36.6 
Ipd Straln at Hlgh Incident Overpressures, WT-1404. 

Uaa they vary with t h e ,  depth, and ground r a n p ,  partlcularly In the region of high pressure; furnish, 
Imm these measuTements, input data to other projects; and analyze these measurements with results of 
h r  tests. At 750 and 1,050 feet from ground zero. acceleration, stress, and straln measurements were 
nade at several depths dorm through 50 feet. lncludlng two measurements each of horizontal acceleratlon 
d #tress. At  450, 550, 650, 750, 850. 1.050. and 1.350 feet. vertlcal acceleratlon and stress were 
msitvred at 50-'andL10-foot depths. 

Records were obtained on 52 out of 64 gage channels lnsta!led. Losses were caused by mechadcal 

Waveforms of acceleration and veloclty showed no Ideal or classical shape but could be grouped In slx 
:akgories according to their characterlstlcs. 

CWurmlng occurred at the ground surface at 2,500-foot ground range 'from a signal originatlag at 1.900- 
kd ground rmge. However, wtrunnlng can occur a t  closer ranges for deep measurements, and refracted 
I@dS may be recorded after arrival of local effects. as  evldenced by acceleratlon measurements. 

ucept at 550- and 650-foot ranges where It was negliglble. At greater depths, wave theory concerning 
eaerm transfer at an interface between two materials was borne out. Horlzontal (outward) acceleration at 
10- ard 50-foot depths'was attenuated less  wlth depth than was the corresponding peak downward acceleratlon. 

P e a k  downward velkl ty  followed an exponentla1 decay law rather than a power law decay characterlstlc 
Qmward acceleration. At  215-psl level, horlzontal (outward) velocity showed somewhat less attenuatlon 

.L& depth than the downward component. At the 100-pal level, peak outward velocity at SO-foot depth was  

Project Officer: L. M. Swlft. . 

Attenuation of mkxlmum bwnward acceleratlon at 5- and IO-foot depths varled between 30 and 45 percent 

that at 10-foot depth, owing to signals from i w r c e s  closer to ground zero. 
Attcnuatlon of peak displacement corresponded closely to attenuation of peak velocity. 
Altonuatton of maxlmum vertical s t ress  was sllght between the surface and 5-fcat depth. and s t ress  de- 

CmUed by half for every 10-fool h c r a a w  In depth, except at 50-foot depth wbre It increased. Stress 
msurementa on this pmject were not consldered entirely successful. despite extreme cautlon exercised 
hP8a placement and backfill procedure. 

At 215-psl overpressure, peak strain decreased abruptly between 1- and 30-foot depths, levellng off to 
aemiUat value at greater depths. At 100-psl overpressure, vertlcal straln showed almost M change with 

This dlfference between the two statlons could probably be traced to tb longer rlse tlme of the 
mrpreasure a t  100 pal than a t  275 pel. 
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fbc velocity-fump peak overpressure ratio increased with decreasing pressure, with no apparent 
gc mrlatlon wlth yield, overpressure level or waveform, or test area. Experimental ratios agreed well 
,,lb& theoretical reault. Peak vertlcrl d i s p l a c e m e n t ~ v e r p r e s s u ~  impulse ratio data werc too scamred 
yI dlow firm concluslons. 

rrom displacement-response spectra, the change ln the character of the response appeared to be 
swrwed with the interference of the refracted ground-transmitted wave and not with the lacal ground 

!qa~y at wbich this maximum occurred decreases with increasing depth. 

~ COrrelation with blast results than were compaction tests. 

Normallzed velocity spectra for 5-. IO-. and 50-foot depths showed similar maxima although t b  

stress-strain relations, It was tentatively concluded that latmratory triaxW tests were more useful 

~ 1 . 5  Project 1.5. 

ms project was concerned with free-field motion in soil subjected to airblast loading in peak-overpres- 

rntended to furnish basic data from Shot Priscilla in terms of both accelpration and displacement ver- 
i d s  time for use in protective-construction design. 
prmanenl displacement on a diameter through ground zero served to indicate the residoal compression of ** mil. A third part of the study, observations of acceleration in buried v e k c a l  reinforced concrete 
~:ructuml  elements. was  included to provide information ihat could be correlated with free-field results. 
2- from this project served also for correlation with pertinent design information derived from related 
ledes of Program 3. 

p m d  hy air  shock from Shot Priscilla, which had an estimated yleld of 36.6 kt, and a burst height of ap- 
pmimately 700 feet. Instrumentation was included to measure vertical acceleration at two depths in t& 
ncinly ofground zero and both radlal and vertlcal acceleration at the surface and at depths of 10, 30, BO. 
mi 100 feet for pressure ranges of 270, 187, 120, and 59 psi. Vertical acceleration was observed at a 
:sptb of 200 feet at the 300-psl station. Relative dlsplacements were measured between the surface and 
~ 1 ~ : s  roughly 10, 30, 60, 100, and 200 feet deep at each pressure range. Motion of three reinforced, 
rrrt-in-place, concrete piles extending from thz surface to a depth d 100 feet. adjacent to the 187- and 
!:O-psi Iree-field instrument stations, was studied by accelerometers near the top and botlom of each 
)iIe. Permanent ground dieplacement was observed by presbot and postshot first-order surveys d a 
wne8 of monuments. 

Data from the station near ground zero was lost, because of temporary adverse effects of ionizing 
ridation on cable insulation. Seven addltlonal channels of accelerometer data were lost. because of 
rarrier failure after a zero-time short clrcult in one amplifier. A total of 64 of 73 readable records were 
recovered by Project 1.5. 

Agency: Sandia Corporation. Report Title: G r m d  Motion Studies at High Incldent 
Xerpressure. UT-1405. Project Officer: William R. Perret. 

Ire ranges greater than 50 psi and through depths greater than had previously been studied. This study 

In addition to displaceme?t-time data, observation of 

Plojeet 1.5 observed vertical and radial accelerations and vertical displacements produced in the 

Crmd-baffle alr-pressure gagea recorded overpressures roughly In the predicted range. 
Precision of ground-acceleration data was adversely affected by low ratio8 of signal to set range. 

4tceleratlons were anenunted ap the inverse 0.75 power of depth except at the statlon of highest incident 
:serpressure. where the exponent was 1.4. Peak radial accelerations were generally similar to peak 
,artical accelerations except at surface gagea. 

Pea!# transient vertical displacements decreased exponentially with depth to a point below 100 feet. No 
jennilely measurable transient dlsplacement occurred below 100 feet. At all stations the absolute vertical 
:isplacement maxima 6 decreased exponentially according to 8 = 6oe-o.Q1'D, where D i s  depth in feet and * zero subscript denotes surface dlsplacement. 

A.1.6 Project 1.7. 

Tbls project was conducted to study the factors affecting transmission of air-induced ground pressures 

The lield lest program involved 68 devices (drums) composed of rigid cylinders with deformable- 
Wwagm ends. Flve dlaphragm thicknesses were used to simulate structures of different flexlbiiities. 
Th drums were buried at depths ranging from 0 to 20 feet at three dliferent locationa. Tbe average 
effective peak srvface overpressures from Shot Prlacilla, as measured by surface diaphragms and BRL 
Mace pressure-versus-tlme gages. were 231,  108. and 62 psi, respectively. for the near. Intermediate, 
4 far locations. 

Static measurements made on the diaphragms before and alter the test consisted of strain-gage read- 
iW and permanent-denectior, meaturementa. Transient strain measurements also were made 00 some 
d tbe dlaphragma. 

Agency: A i r  Research and Development Command. Report T i t le  Loading on Simu- 
:*led Buried Simctures at High Incident Overpressures, WT-1406. Project Officer: E. H. Bultmann. 

loadings produced on buried structures by such pressures,  

A laboratory program was conducted to calibrate the field test devices. 
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~b results indicated that there was a considerable decrease with depth of the afr-Induced ground- 
~ s m l t t e d  pressure, as lndlcsted by pressures on similar diaphragms at different depths. This amounted 
10 70 percent ln 20 feet. Pressures on the thinnest dlaphragms were round to be a8 low as 50 percent of 

esttmated pressure in the soil surrounding the drum when the drum was at a depth equal t o  its span. 
TB pressure on vertical diaphragms. Le.. borizontal drums. varied from 0.25 to 0.53 of the pressure 

horlrontal diaphragms. The simplified theory developed give reasonable predfctlons of the measured 
pnesures on the burled drums. 

A.l.7 Projects 1.8a and 1.8c. Agencies: Ballistic Research Laboratories and Stanford Research Insti- 
mte. Report Title: Effects of Rough and Sloping Terrain on Airblaat Phenomena, WT-1407. 
Ofteers: E. J .  Bryant, and L. M. Swift. 

The primary objective of Project 1.8a was to determine the effect of rolling, steep slopes and rough 
tarrain on nuclear blast wave parameters. The secondary objectives were to provide phenomenological 

"aye measurements in support of Project 1 .8~.  
Five blast linea and a few scattered stations were instrumented with self-recordlng and electronic gages. 

Tba blast lines consisted of a Oat terrain IIne used as  the control line for comparison with other lines 
( b e  I ) ,  a rolling terrain llne of small hills and dales (Line 2). two ridges with approxlmately symmetrical 
k a t  and back slopes (Lines 3 and 4). and a rough mountalnous line (Line 5). 

The objective of Project 1 . 8 ~  was to obtaln data on the effects of gross variations of terrain upon a blast 
yIve produced by a nuclear explosion, particularly at ground ranges of Importance to moderately hard tar- 
pets. During Shot Smoky (44 kt. 700-foot tower). total head pressure. pltot tube dynamic pressure. and 
overpressure were measured on both sides of a ridge that rose approximately 280 feet to a crest about 
!,m Ieet from ground zero (Line 3). and at several equivalent ground ranges along relatively smooth 
U I U ~  (Line 1) for comparison with Line 3. Lines 1 and 3 were jointly instrumented by Ballistic Research 
Llboratorles (Ida1 and Stanford Research Institute 0 . 8 ~ ) .  

hgeneral. it can be concluded from the results of ProJects 1.8a and 1 . 8 ~  that the presence of a hill, or 
zrrah rise, that shields the line of sight from a nuclear burst causes higher-than-usual temperatures on 
the front slope and lower-than-usual temperatures on the back slope. That this was the case was indicated 
iq Ih hlgher-than-usual shock front velocities over the front slope. decreasing abruptly over the slope 
ercat. dipping to near-sonic values over the back. aod finally increaslng somewhat to equal the velocities 
htalrted over the flat terrain. 
Gm the basis 01 measured maximum surface owrpressures,  it is concluded that the rolling terrain (Line 

21 uused a weaker precursor wave than that over the nat line. evidenced by less  severe depression of 
mrpressure. The low ridge (LLne 3) showed hlgher overpressure on the front slope, lower over the crest. 
d higher on the back slope when compared with the flat line. Results on the higher hill (Line 4) were 
lUlr to those on the low hill, but pressures on the former were lower on the back slope than on Llne 1. 
(k ths mountain reglon (Llne 5). there was little deviatlon of surface overpressure from Line 1. 

The only signUicant dlfferences between the surface and aboveground overpressures were at the crests  
dlb slops, where aboveground pressures were tdgher. 

The overpressure positive impulse and duration results from Smoky agree well with those from prevloua 
Wratlona. 
*nuon or impulse. 

h m i c  pressure measurements confirm the conclusioo that the preoursor wave was weaker over the 
mulng terraln (Line 2). The low ridge (Llne 3) measurements lndlcate preasures higher than for Line 1 
1 Iba bout slope and c y s t .  below Line 1 on the back slope, and e q u a l  to Line 1 near the bottom of the back 
&lop. These results ccnfLrm the hypothesis that the blast wave in the cleanup region does not remember 
'3aI it bas encountered'* gross terrain obstacle and that it quickly resumes the character of a flat line at 
B ume range. 

Project 

to Project 1.8b for correlation with damage to drag-sensitive targets, and to provide blaar 

There were no apparent terrain effects evident upon the usual relationshlps for either positive 

AJ.8 Project 1.8b. Agency: Balllstlc Research Laboratories. 
4Drp-Senaitive Targets, 5"-1408. Project OMcer: E. J .  Brypot 
The objective of Pmject 1.8b was to investigate tbe blast damage sustahed by drag-sensitive targets * tha blast wave passes over rougb, Mlly tarrain to the target location. 

mrcnce In the damage slatained by those t u g e t a  which were posltioned to take maximum advnntage of 

Report Tltle: Effects of Rough TErrain 

Of particular Interest was the 

at corresponding dlstmces. 
this study 51 Jeeps wera exposed on Shot Smokj'. Vehicles were placed on three blast Ilnes: a con- 

h i  line o f e a s e n t ~ l y  nat terrain, a h e  of rolling terra&. a ~ d  s Line of steeply sloping terrain with 
-red gullies pnd waekas. Earth revetments were constructed to examlne the protectlon h y  would 

for vehicles. PtoJect 1.8a made airblast measurements at each statlon. 
MCr Ibe shot, the damage, orientation, and dlsplncement of the vehicles were recorded. The nsultta 
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bowed h t  the damnga sustahed by thoae vehlcles on regular terrain agreed with the T M  23-200 dampge 
t&&. However. the damage suatained by those vehicles whlch utilized severe terraln I r r ep l i r l t i e s  
peatly reduced. Where any suhstantlal obstacle. ~ t u r a l  or artiflcial, havlng steep sloping rear walls 
mrposed between the detonation and tha whlcla, damage W a s  reduced from severe or mcderata to ]Isht as 

A.l.9 Project 1.9. 

The objective of Project 1.9 waa to obtain the displacement velwlty and acceleration-shock spectra of 

Agency: A i r  Research and Development Command. Report Title: Spectra of 
Gmvnd Shocks Produced by Nuclear Detonations. WT--1487. Project Officer: J. F. Halsey. 

p u d  shocks produced hy nuclear devlces for use In the design of mlsslle bases and operationai'equp- 
ment when ruhlected to a similar environment. 
The problem of defining design parameters for struchlres capable of withstanding blast-Induced gmmd 

6bQk suggested the use of shock spectra as B suitable means of presentlo$ environmental cmdstlons. self- 
emmined mechanical reed gages. capable of measuring the dlsplacement shock spectrum over a frequency 
range of 3 to 300 cps In any one direction, were placed on Shots Stokes, Smoky. Galileo, whl!aey, a d  
Charleston. Canlsters containlng the gages were normally placed with tops flush to the ground level at 
predicted pressure levels of approximately 100 psl; however, on Shot Smoky two additional gages were 
placed on the floor of an earth-covered-personnel shelter. and two gages were:lnstalled on a concrete 
block for Shot Whltney. 

A composlte plot of the results d surface gages from Shots Smoky. GallleoFand whltney (overpressures 
fmm 118 to 146 psi) Indicates some very definlte trends. The displacements are two to  three tlmes h l g k r  
at three cpa for  the vertical component (3 inches to 5 %  inches) than for the radial component (1 Inch to 2 
Inches). Tbe rate of decrease of displacement ulth Increasing frequency is greater for the vertloal com- 
-ut than for the radlal component. 
tbe struch~m on Shot Smoky indicates an attenuatlon factor of three for vertical displacements, wfth no 
appreciable change in the radial dlrectlon. 

A.2 PROGRAM 2: NUCLEAR RADIATION STUDIES 

A comparison of the results from the surface gages and those wit&, 

A.2.1 Project 2.1. Agency: U.S. Army Chemical Warfare Laboratories. Report Title: SOU Actlvatlon 
by Neutrons. WT-1410. Project Officer: Philip W. Krey. 
The overall ohjectlve of this project was to lnvestlgate the Inductlon of gamma-emitting radioisotopes 

In homogeneous solls by nuclear detonations and the subsequent generation of hama$ous radiatlon levels in 
tk viclnity of the detonatlorra, BO that the radlolaglcal hazard to  personnel in these areas could eventually 
ha predictsd. 

The specUic ohjecttves were: (1) to measure the fleld dose rates from neutron-Induced actlvlty In several 
hexican  solls; (2) to measure the thermal-neutron flux as a function of depth beoeath the surface and din+ 
tloee from ground zero for several Amerlcan soils; (3) to  analyze the gamma spectra'of the Induced nuclldes 
h tbc SOU as a functlpn of depth beneath the surface of two different American soils; (4) to check these data 
with theoretical estimatlons of such effects; and (5) to examine the effect of molshue content in sol1 activation. 

Three teat sofls wers used: Dade fine sandy loam whlch has a high sllicon content and low mlneral cm-  
W Chester loan whlch ha8 a strong aluminum concentration and a falrly high manganese conten% Nevada 
Test Site SOU which has a large s d u m  compoaitlon, slgnlficant aluminum and manganese content, and Is 
the natural terraln Over whlch the detonations at o p e r a t l a  Plumbbob took place. The test sofls were ex- 
posed d u r l q  Shot Owens at distances of 200 to 500 yards from g r w d  zero, and core samples of each soil 
vere recovered. Measurements of these core samples permitted estimates of the dose rates that would 
have been generated if Shot Owens were detonated over lnflnite fields of these test soils. Gamma-ray 
apctrometrlc analyses were also performed as a function of depth In some of the core samples. The 
rnonltorlng of copper-rlbbon neutron detectors which had been placed Inside the core aamples'gave a meas- 
UR of the thermal- and slow-neutron flux as a function of depth in the ~0116. 

conclusions drawn were: 

subsequent measurement of the Induced activlty in these samples to estimate the dose rate over an infinite 
neld of tbe same so11 was successful. The estlmnted field dose rates generated over the soils tested varied 
lrom about 1 r/hr to 600 r/hr at H+ 1 hour according to the type and distance of the soil from ground z 2  

Tbe surface thermal-neutron fluxattba project stations for Shot Owens was a b u t  3 x lo1' ' 9 2  x lo" 
neutrons/cm' while the copper flux at these statlona ranged from 5 X 10" to 6 X IO" neutrons/cm'. Both 
& thermal flux and copper flux then reached maxlmum values cf about 10 to 80 percent higher than the 
surface flvx at depths ranging from 5 to  15 cm below the ground surface. according to the soils tested. 

Induced fleld surveya were made during Shots Franklin, Lassen. Wilson. Prlscllla and Ow\Vkns. The 

Tbe technique of expoalng reladvely small homogeneous soil samples to a nuclear detonatlon and the 
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m y s l a  of th gamma spectra In two of the solls tested showed only Na" and Mn5' to be of milltary 
llpulcaace at times greater t h  A +  1 hour. Zero time surface actlvatlon values of 0.6 to 10 &c of Na" 
pr gram of soil and 13 to 108 Pc d hfnw per gram of soil were f o d  In tbe soil samples exposed at the 
r0)Kt ohtlons. The activatlon of these nucllden wlth dapth generally followed the capper nux and thermal 
)n wlth depth. 

(b tbs basis of the solls tested and the data obtained, the Induced dose rates generated by a nuclear 
&+tUon over the solla tested can be predicted by the method of Kaufman wlthln a factor of two-to-three 

Induced dose rates from soils slmilar to Nevada 
dCkstsr (but not Dade) solls can be predicted by tb method of Cowan or  Canu and Dolan within a factor 
d h t  three. 

A b d  BO to 85 percent of the total actlvlty generated ln nomalCbester and Nevada soils by Shot Owens 

eI@r copper or  thermal-neutron flux calculations. 

r wontra ted  In the top 30 cm. 
dch Chester and Nevada 100-percent-moisture-saturated soils. Increased water content in soils In- 
tmued the dose rates generated over these solls by a nuclear detonatlon hy as much as 10 percent. 

dm of (be soll. The copper-neutron flux at the surface, the total number of neutrons absorbed In the soil, 
! ud the total actlvlty generated In the soll to a depth of 60 cm are also dependent primarlly on the moisture 

mmpltton of the soll when the chemlcal composition Is otherwlse constant. 
A foot soldler cmld Incur as much as 135 r at H + 1 hour If he travereed at 3 mph a patch 1.800 yards 

4 oror Nevada or Chester soll, where the midpoint of the path was th+ ground zero of a weapon with 
W t l o u  condltlone slrnllar to the Owens device. If the same action were taken at HI 10 hours, a dose 
dmt more than about 30 r would he accumulated. A serious radlologlcal hazard does not exlst to un- 

~ p4ected persouel passlng through the ground zero o v ~ r  Dade SOIL 
! U r n  armored persoanel carr ier  were drlyen at 5 mph through ground zero of a weapon similar to the 

Onas devlce detonated at 500 feet over Nevada or Chester soil, a total dose of no more than 35 r would i 

b accumulated at H+ 1 bour. a s  compared to a total of I r at H + 10 hours. 

About 95 percent of the total actlvlty Is concentrated in the same depth 

Tk copper-neutron flux an a fuoctlon of depth In sol1 Is primarily dependent upon the moisture compoel- 

, 

A.2.9 Project 2.2. Agency: U. 3. Navd Radlologlual Defense Laboratory. Report Title: Neutron- 
b e d  Activltles In Soil Elements, WT-1411. Project Officer: C. s. Cock. 

Neutrons wbfch escape following the detooation of a nuclear device interact wlth matter within range of 
bwutron flux. Some of tbase Interactloas produce radloactive Isotopes. It was the purpose of this 
)m@t to study the nahlre of thla radloactlvity. especlally the problems associated with induced radlo- 
Hrlty In solls near ground zero. 

Durlog Shuts Wllson, Owens. and Laplace, samples of elements most common In the varlous soils of 
1* vorld were placed In locatlone between 100 and 1.000 yards from ground zero and at depths down to 
ULlchea below the surface. Also, gold and sulfur neutron detectors were placed with thzre samples to 
masure the neutron fluxes. 

A Nd(T1) crystnl gamma-ray spectrometer with a IOO-channel pulse helght analyzer was used to meas- 
111 the radiatlon from selected small elemental samples. From the data obtalned, the speclflc activity of 

ertaln other elements which are in large 
In selected soils may requlre conelderatlon of a radloactlve Isotope of that element. It appears 

4(gewrally. the most algniflcant radloactlve 18otopes produced In solls are  Na", AI", and Mu". ' 'h relative lnteneltles oi thermal and fast neutrons as a frmction oi soil depth are differenr Thermal 
man Intenslties Increase to a maxlmum a few Inches below the surhce.  Fast neutron fluxes lsulfur 
b c b r  neutrons) decrease rapldly art& depth. Most Induced activity appears to be the result of thermal 
k?i reactloor, although for a few elements It can be seen that the fast neutron (n.p and n,a) reactions 
W cwtrlhute measuphle quantities of radloactlvity. 

It w a r s  thut very few neutrons reach the aotl directly from the device. Most neutrons whlch are 
*Uv* In produclw radloactivlty have been scattered at least once in the air. Thus, the neutrons dlffuse 
*o the earth as a funcUon d vertical depth. and not as a function of slant range from the point of detona- 

~ - 
or nelected ~011s these neutrons may produce, 

Ion as great as several thouaand rhr. It 
h 
xhr It tlme d detonadon (for the condltfona of detonatlon of Shots Wllron. Owens, or  Laplace). 

a r c e p t l d  soil that produces a gamma-ray neld the order of magnltudm of which Is less than 100 

n from radlooctivlty Induced In an M-48 tank at Shot Hood was observed to be entirely 
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T A.23 Project 2.3. Agency. U.S. Army Chemlcal Warfare Lnboratorles. Report Titla: Neutron ~1~ 

The objecuvea of tbls project were to measure tbe neutron flux and spectra for certain selected devlcsa 
from Selected Nuclear Devlcea. WT-1412. Project Officer: David L. Rlpota. 

bebg tested during Operatlon Plumbbob and to prmide neutron flux, spectra, mi dose measurements in 
support of Other ProleCtS. A total of approximately 1.500 neutrm flux measurements were made U U ) I Z [ ~  
the following detector elements: gold, plutonium. neptunium, uranium. sulrur i  

dlcted 
values o w a d  by use of the neutron dose curve. of TM 23-200 by factors of 2.4, 2.9, 3.0, and 5.6 ~p- 

spectlvely. For Shot Prlscllla. the measured dose was lo-r than the predicted dose by a factor of 1.2. 
Beyond 300 yards from grolurd zero tbere wan no vartatlon with Increasing dlstance of tbe neutron 

energy spectrum above the thermal energies. 
The extrapolatloo of tbe straight-line portlcn of the curve of neutrm flux times s l a t  distance squared 

versus the slant distance to close-in dlstances was Invalld, since experimental data from Operatlon P l ~ m b  
bob confirmed that the relatlonshlp was nonlloear a t  close ranges. 

sultabillty for use In making measurements In nuclear weapons tests. 

For Shots Franklin. Wilson. Laplace, aod Owem tbe meaaured dose values exceeoau 

The foll-detector system for measurlng neutron flux gave reproduclble results, further verttytng itB 

r 

LZ.4  Project 2.4. Agency: U.S. Army Chemlcal Warfare Labratorlea.  Re$ort Tltle: Neutron and 
Inltial4amma Shleldlng. WT 1413. Project Offleer: Robert C. Tompkias. ". 

Tbe objectives were tp. (1) perform neutron- and gamma-shielding tests on structures, shelters. fortl- 
flcatlons. Gntos vehlcles, and M-48 tanks to flll In the gaps In exlstlng emplrlcal data; (2) determlne rela- 
Uve neutron and gamma inslde/outslde dose ratios for two types of tank armor. whlch the Ordnance Corps 
will attempt to correlate with contemplated laboratory shielding studies; and (3) perform neutron- aad 
gamma-attenuatlon studles In sol1 In order to obtain an Indication of the variation of gamma dose, neutron 
dose, and neutron spectrum with depth. I .  

Instrumentatla for neutrm shielding consisted of gold flux datectors; plutonium, neptunium, and u r d -  
um flsslon-threshold detectors: sulfur-threshold detectors: and chemlcal dosimeters. InstrumentatLon 
for gamma shleldlng conslsted of phdographic and chemlcal dosimeters. Tbe shlelding cbaracteristics of 
M-49 tanks, Ontos vehicles, and hemispheres of standard and plastic laminated tadk armor were studied 
during Shots Franklin, Lassen, Wllson, and Hood. The attenuation of neutrons and gamma rays by pre- 
pared Nevada Test Site INTS) soll was Investigated during Shot Owns.  
ground shelters were Instrumented for Shot Priscilla. 

positlon and orlentation. The gamma Inslde/outalde dose ratlo In the M-48 tank varied from 0.11 to 0.67. 
dependlng upon crew pasltlon. orientatton, shot. and measurement technique. The neutron lnside/outside 
dose ratio for the Ontos vehlcle was about 0.58, whlle the gamma ratio varled from 0.33 to 0.88. depend- 
lug upon orlentation, shot. and measurement technlque. Because a large part  of the &Ual gamma dose 
was due to radiative capture of neutrons in the armor. gamma inslde(autatde dose ratlos are unsuitable 
for hazard assessment In an armored vehicle. The commauder's posltion In the M-48 tank i s  mont vulner- 
able to both neutrons and initlal gamma. An M-48 ta& crew can be killed by initial. nuclear radiation 
from P tactical nuclear weapon at ranges where tbe tank sustains no blast damage. The only ob.servahle 
resldual activllty Induced In tank armor was 2.58 h Mu" (t'h = 2.58 hours); the dose delivered to the crew 
by residual radlatlon was lnslgnlficant compared to tbe inltial radlauon. 

The plastic-lamlnated armor apparently reduced the measured neutron dose twlce as effectlvely as the 
rtandord armor, but the spectral data suggests that all the neutron dose may not have been measured. 

tbe otber hand, the Initial gamma radlauon was the Same In both types of tank armor. 
The thermal-neutron flux in dry NTS soil Increases with depth to about 15 ern and then decreases. 

D U r Q  Shot Owens, the fast-neutron spectrum hardened with depth In dry NTS SOIL 
neutron dose by thls soll was predicted from reactor-shleldtng data wlth gmd accuracy only at 260 yards 
dant range. Useful gamma-attenuatlon data was nct obtained In the sol1 because of activation of detectors, 
WtuFe-gammn radlatlon. and sol1 actlvatlon by the Ugh neutron flux. 

Mtb me-third cover. The offset laxbole provlded good radlatlon protection with eitber entrance deslgn. 
Shleldlng by a fleld fortification cannot be predloted with confidence at thls Ume. 
The burled concrete archer of Project 3.1 provided Inadequate radiatlon protectlon but would be satls- 

factoiy wlth Improved entranceway deal@. The burled condulta a d  cattle passes of Project 3.2 provlded 
very satisfactory radiation protectlon. The hurled steel arcbes of Project 3.3 provlded goad radlatlcm 
Protoctlon, whlch could be Improved by minor mdtflcatton of the entranceway. 

ndlatloo when the external dose is not greater than 10' rep. 

Field fortiflcations a d  under- 

The neutron inslde/oulslds dose ratlo in the M-48 tank varied from 0.28 to  0.59, dependlng upon crew 

The attenuatlon of 

The modifled. two-man foxbole giver no better radiation protection than the standard, two-man foxhole 

Any shelter burled under at least 4 feet of earth will provide adequate protectlon from Initial nuclear 
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A.2.5 Project 2.5. Agency: U.S.  Army Slgnal Research and Development Laboratory. Report Title: 
y u d 4 m m a  Radlatlon Intensity and Neutron-Induced Gamma Radistion of NTS Soil, WT-1414, project 
meer: G. Carp. 

The objectlve of the first part  of thls project was to determine initial-gamma Intensity 
-nus tlme and distance. both on the ground and In the rrlr. Measurements were made du rhg  the p e r i d  
fmm 1 msec until20 seconds after tlme zero for six shots. Ionlzatlon-chamber detectors covered a 
m e  from 16' to lo-' r/sec. Detectors were located a t  the surface of the earth, on ballmns 950 feet 
w e  tlm surface. in alrcraft, and In armored tanks. 

A llmltlng factor In determlnlng dellvery procedure for alr-to-air weapons i s  tbe initial-gamma and 
pmpt-neutron radiatton received by the pilot of the delivery aircraft. The three aircraft  tbat partici- 
pted during Shot john were instrumented to make such gamma measurements. Inasmuch a s  only a limited 
mxnt of data could be obtained during Shot John. this project supported Project 2.10 by making measure- 
mntr from balloons on four shots. 

.)E made by use of saturated ion-chamber detectors whose outputs were recorded by magnetic-tape re- 
corders. Backup measurements were made wlth a mechanical device that used photographlc doslmeters on 
g moving belt. 

hfual-gamma dose rates and total Integrated doses from 3 3  electronic installadons and I8 photographlc- 
&lmeter installations a r e  presented. 
dEutrons lo atmospheric altrogen (n.7 radiation) and from fisslon-product decay. 
wour,ted for  almost all of the gamma radiation dellvered between a few mllliseconds and 0.25 second, 
Id represented 60 to 85 percent of the total dose. 
Tk effect of the rising flreball caused gamma rates to decrease rapldly after about 5 seconds, particu- 

h l y  pt the close-In stations. The hydroipamic effect caused an observable increase in gamma intensity 

p a r t  1. 

svea surface stations were located at 500-yard iotervals from ground zero. The basic measurements 

The data shows Initlal-gamma radiation arislng from the capture 
The (n,yb radiatton 

m Results Shot ol Hood. measurements of the air-earth Interface from four sets  of balloon and ground data show that 
pmm rates 960 feet above the ground average 3 2  percent higher than on the ground. 

maximum of gamma Intensity corresponding to the closest approach of the alrcraft to the fireball. 

'@IW in TM 23-200. The dose-rata data and total-dose data are  generally accurate to within t 20 percent. 
lbaccurncy of the data presented warrants its use In further analysis of dose-rate phenomena. 

The objectlve of the second part of thls project. In support of Project 2.1, was to measure 
miroo-Induced gamma rate a s  a functlon of t h e  at four stations during Shot Owens for an Lnflnlte plane 
d&v.da Test Site (NTS) soll. 
Tbs reutron-indu6ed gamma radianon was detected by a saturated Ion-chamber detector whose output 

Ulrmlned the frequency of pulses recorded on an electromechanical recorder. 
h@ed Lo make the required gamma measurements without perturbing the measured field. In order to 
4 k d ~ t e  Induced activity In the Instrumentation, the completa statlon was hurled 3 feet beneath the surface. 
l'b detector was  ralsed above the gmund after the decay of the neutron radiatlon. 

Although three of tk four installatlons failed because of mlnor mechanlcal defects. the Instrumentation 
Intern 18 deemed satlsfactory for neutron-induced activity measurements a t  NTS. The 500-yard statlon 
hrha Shot Owens detected a dose rate of 55 r/hr at H+ 1 hour. as compared with a dose rate of 43 r h r  

Flfty percent of'the total exposure was recelved by the delivery alrcraft for Shot John during a second 

Ibs tatal gamma dose and dcse-rate measurements at 500 and 1,000 yards greatly exceeded values 

Part  2 .  

The Instrumentation was 

hied by Project 2.1. 

A.2.6 Project 2.6.,, Agency: U.S. Army Slgnal Research and Development Laboratory. 
hrltution of New Tydes of Radiac Instruments, WT-1415. ProJect Officer: A. E. Cokn. 

Em obJectlves of this project were to evaluate the response of newly developed gamma-neutron doslm- 
(.IS acd the fleld operational adequacy of a new beta-gamma Ion-chamber rate meter. 

lo the evaluation of the neutrorAoslmeter system, tlasus-equkalent tactt'cal neutron doslmeters, as 
a I S  standard radIac meters (IM-93). were exposed to Lnltlal nuclear radiatlons from Shots Wilson. 
hlh, and Hood. The readlngs were compared to those made wlth the Slgoloff chemical dosimeters 
a with the Natlonal Bureau of Standard8 (Evans) film doslmeter. 

h tbe OvPluatlon of the IM-123 (beta-and-gamma) radinc meter, 24 Instrument8 were procured. The 
bumsub were employed by Rad-Safe t a m s  in act4 radiological flelds resultleg from Shot Hood. 

I..l(m %re tabulated. 
' u o r s d  AN/PDR-39 and a g o d  groaa correlatlon under fleld condltlons appeared in t k  gamma Indications. 
A ~ ~ ~ U o n  of the son-component-measuring capablllty of the Instrument. cornpartson was made 

R ~ p o r t  Title: 

b B  were questloned on the operatlonal performance of the Instrumenta. Tbe results of this quea- 
Tbe instrument lndlcatlona were compared In the field against tho- of tk now- 

lDsCWly designed beta-gamma meter (Model 1002). 
rSSult. of the nautrw-dosimeter-syatem evsluatlon. although pmllmlnary In nature. indicatad t b t  
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tbe system tested did not measure neutron dose satisfactorlly. The results further indlcated that none of 
the im-chamber dosimeter instruments measured gamma dose accurately under cmditions of high neutron 
nm. although they did so when there was only a small amount of neutron radiation present. 

w m e d  io possess promlsing features, but further development will be necessary to make i t  reliable for 

- 

The result6 of the 1M-123 evaluation were impaired by lack of SufIicIent beta data. The instrument 

Army field uw. 

dose rate dependency. which caused the loss of accuracy. 
tory study d thls effect and the dosimeter system. 

It i n  concluded that the neutron-dosimeter system tested was subject to some effect. probably a neutrm 
The recommendation i s  made fo r  more labora- 

A.2.7 Project 2.7. Agency: U.S. Naval Research Laboratory. Report Title: Investlgation of Effects of 
Nuclear Detonations on Electromagnetic Wave Propaxation and Nuclear Radiation Detector Design. 
WT-1416. Project Officer: T . D .  Hanscome. 

detsctlon technlques intended for use in measurements of effects of high altitude nuclear detonations; (2) 
study radio wave propagation in the vicinity of nuclear detonations; (3) study the effects of the electromag- 
netic signal produced by the detonation on the equipment used; and calculated and measured attenuations 

Transmltters in the frequency range 160 to 9,850 MC were loc3ted (a) i n  ehielded bunkers to transmit 
radially outward from ground zero, (b) such that the transmission path went through the fireball, and (c) 
wch that the signal reflected from the fireball could he received. 
400, about 12 miles from the various ground zeros. Scintillation detectors were installed 31 some of the 
stations closer to ground zero, a s  were instmmenta to monitor the effects (on the transmitters) of the 
electromagnetlc signal generated by the detonation. 

For frequencies near 10,000 Mc. radial path attenuations greater than 50 db, but probably less than 75 
dband lasting about 5 microseconds were observed for transmitters at  about 1,300 yards from a 10.Skt 
device (Wilson). For a radlal path and a 71-M device (Hood), the attenuations were greater than 15 db and 
lasted about 15 p e c  for a transmitter at 1,600 yards from ground zero. In both of these measurements, 
the signal strength recovered to its preshot value in less than about 30 microseconds.. 

Transmission 31 160, 960 and 9,750 Mc thrwgh the fireball was interrupted as long as the fireball inter- 
lecled the path between transmitter and receiver, but wall restored a s  soon as  the fireball moved out of the 
dlrect path. 

An upper llmit of .09 was established for the reflection coefficient of the Prlscilla fireball at  9,150 Mc. 
Gamma-ray measurements were obtained at 1,600 yards from Hood and Owens. The detectors perIormed 

SalidactorIly. and were not affected by the electromagnetic signal from the delonation. 
Serious effects due to the electromagnettc signal from tha detonation were noted in a.bunker 1,270 yards 

from H d .  and in the receiving station, about 15 miles from ground zero. The effect& in the bunker were 
Ipparently due to penetration of the copper shield by the electromagnetic signal. and in the receiving station 
to tbe large voltage excursions induced on th? power line system. 

M s  of the receivers were found to be fa) 25 microvolts per  meter at 160 Mc. b) 40 microvolts per  meter 
d 960 Mc, and IC) no signal was observed at 9.850 Mc lminimum detectable signal was 50 pv/m). The peak 
Lnknsities of the Kepler and Owens electromagnetic signals at Building 400 were found to be -10 volts/ 
meter nnd -45 volte/meter respecuvely. 

tbls calculatlon used, with the measured gamma-rays, to calculate the radio wave attenuatlon. The calcu-. 
hled and measured values do not agree over the entire time of attenuatlon. 
otter factors which must be taken into account before a satisfactory calculation of the expected attenuation 
c u b e  made. 

The objectives of this project were to: (1)proof-test (at Nevada altitudes) telemetry and nuclear radiation 

were compared. n 

Receivers were installed in Building 

Extensive diffraction and multiple path phenomena were observed. 

The maximum intensitlee of the componentr of the Diablo electromagnetic slgnal that fell in the pass 

A Monte Carlo calculation of the electron energy distribution has been made, and preliminary results of 

It i s  apparent that tbere are  

A.2.8 Project 2.8. 
m-1417. Project Officer: E.J. D i I a d .  

Objectives of Project 2.8 were to (1) develop suitable shields for Navy dosimeter types IM-lOl/PD 
b r t Z  fiber) and DT-GO/PD (sllver phosphate glass) in order to Correct their response to agree with that 
td standard deptb dose detectors Imbedded 4 cm in masonlte phantoms and (2) compare externally held 
rilemeter readings with that of a dose-rate standard also imbedded 4 cm in masonite phantoms. 

Based on laboratory gamma shlelding studles conducted in the rmge  80 kev to 1.25 MeV, external shlelds 
were developed for  use with the above dosimeters. Thc masonite phantoms were destgned to slmulate av- 
erage human tor60 configurations. The effectiveness of the shields In actual field radlological situations was 
determined in the distribuled flelds resulting from the Induced radiation from Shots Wilson, Priscilla, and 

Agency: Naval Material Laboratory. Report Title: Evatuation of Military Radiac. 



Shldles W e r e  made of the correlation hetween dose rates  as mea iured by the AN/PDR-43 (XN-I) and the 
W/PDR-44O(N-l) and the dose rates indicated by the Naval Ma u ~ al Laboratory standard depth-dose =at.. 
matar. 

Ths results of the measurements performed indicate that tbe laboratory shields provided for the IM- 
107/PD are adequate to provide good correlation with depth dose. Additional shieldlng is  required for the 
DT-GOfPD. Shlelding i s  needed for the AN/PDR-43 and the ANJPDR-44. Results were  similar for both 
neutron-induced and fallout fields. 

A.2.9 ProJect 2.9. Agency: Air Force Special Weapons Center. Report TLtle: Nuclear Radiation Re- 
ceived by Aircrews Firing the MB-1 Rocket. WT-1418. Project Officer: Kermit C. Kaericher. 

Three F-89 all-weather interceptor aircraft participated in the successful delivery [Shot John) of a live 
m-1 air-to-air rocket on 19 July 1957 at the Nevada Test Site. The rocket was launched to detonate at a 
predetermlned point at  19,000 feet W L .  All crew members and aircraft were Instrumented to m m s u r e  
mal neutron and gamma r3dlation. 

and chemical dosimeters. Two of the three crews were processed through the Los AIamos Scientific Lab- 
oratory human counter. The most refined neutron dosimetry data resulted from the whole body counter 
w i t h  only an upper limit check indicated by the threshold detectors. 

We fUm badges. in addition. gamma dose rates were measured by an initi~-gamma-versus-time recorder 
hstalled in the aircraft and are reported separately In WT-1414. 

Neutron and gammn radiation dosages received by the crew members were less than had been predicted. 
To so& extent this may he attributed to the effect of aircraft shleldlng. which was not utilized in the tko- 
retlcal predictions. 
participation. 

craft at  19,000 feet MSL with a radiation dose to the delivery crew within acceptable limits. 

reliable to within a factor of two. 

Neutron instrumentation in each aircraft consisted of fission foils, gold and sulfur threshold detectors 

Gamma radiation was measured by chemical dosimeters and hy National Bureau of Standards and Rad- 

No crew member received more than 5 rep neutron and 3 r gamma during his 

The experiment praved tht the MB-1 alr-to-air rocket can be successfully launched by the F-89 air- 

It is considered that radiation dosage extrapolations to bath higher and lower operational altitudes a re  

A.2.10 ProJect 2.10. Agency: A i r  Force Special Weapons Center. Report Title: Initial Neutron and 

Measurements of total gamma dose. gamma dose rate, neutron nux, and neutron dose were made at the 
Gamma Air-Earth Interface Measurements, WT-1419. ProJect Officer: E. N. York. 

surface and a t  heights up to 950 feet to determine the effect of the air-ground interface on initial nuclear 
rda t ion .  
lowers 500 feet high y d  to the mwring cables of captive balloons 950 feet high. Total gamma measure- 
ments were made with three types of 5lm badges, two t p e s  of phosphate glass dosimeters, quartz-fiber 
dosimeters, and chemlcal dosimeters. Neutron-flux measurements were made with sulfur pellets and with 
nuclear track emulsions. Measure- 
ments of gamma dose rate were made with alr-filled, saturated, ion-chamber detectors carried by capdve 
balloons with signals carded  by miniature coaxial cable to ground stations and recorded on magnetic tape. 

It was found that total gamma dose Increased with height to a value, at 400 feet, 30 percent greater than 
pound measurements. 
stltlons from 1,500 to 3,500 yards horizontal distance from burst  point. 
of gamma dose rates at  the balloon stations compared to dose rates at ground stations over the first 5- 
atcond Interval lor which recorda were obtained. 

Sulfur neutron-flux Aasurements  increased with height to a value of 30 percent greater than grcund 
measurements at  500 f h .  No change was observed from 500 feet to 950 feet. Neutron rep-dose meas- 
urements were not conclitsive. 

Measurements of total gamma dose and neutron flux were made with dosimeters fastened ta 

Neutron-dose measurements were made with chemical dosimeters. 

There was no further increase up ta 950 feet. Tbe effect was the same at  all 
There was no change in the ratio 

A.2.11 Program 2. Agency: Headquarters, Field Command, Sandia Base. Report Title: Neutron and 
Gamma Radiation from Shot Laplace, WT--1541. ProJect Officer: John A. Chimen 

evice fired a eutron 5ux 
Tlm obJecdves of this experlment were to determine for Shot Laplace. a 1.22- 

late In Operation Plumbbob: (1) IntenSlty and decay of the neutron-Induced gamma 
Md spectra aa a function of distance; (3) neutrm flux a s  a function of soil depth with certain selected de- 
&tors; a d  (4l neutron dose and inltial gamma dose as a function of distance. 

The daumentatlon of the Induced Iield lntensity and i ts  decay was nccompllshed through use of two 
W e n  of gamma survey meters. the AN/PDR-T1B and the Jordan Model AGB-IOSR. Neutron flux and 
lwctra were measured by the threshold-detector technique. employing gold, cadmium-shielded gold. 
Plutordum, neptunium, uranium, and sulhrr for ground-surface measurementa. and gold. cadmlum- 
Iblded gold, and iultur for soll-depth measurements. Various types of Blm-badge and cbmica l  doaim- 
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ebrm were used to measula tbe initlal gamma dose. wblle neutron dose was determined by calculation 
from Ur flux-spectra result.. 

T%E neutron-Induced gamma radlation field and It# decay from H + 1 to H + 36 hours was successfully 
humented. The observed decay rate indicated Na" a d  binM a s  being the major contributing radlonucll&s 
&@ the tlme covered by tba cbservatlons. A survey of the neutron-induced field at H+ 27 hours indicated 
h - r a t e  levels ranglng fmm 2.6 r/hr at a slant range of 320 yards to 1.38 mr/hr at 2,015 yards. 
utqolated_back to Hi 1 hour. the 320-yard readlng was found to 

mn 
16. 4 d h r .  ._  . 

. ~ _ _  - 
The data obtained In the daumentatlon of thermal &old ) and fast (eulfur) neutFon f l u e s  w i t h d e p t h  

conflrmed earller ohservatlons tkit  thermal flux peaks at a depth of approximately 4 inches, whereas the 
hlgh-energy flux degrades rapidly with depth. 

Neutron irradiatlon d elemental samples of sodium, chromium, and manganese produced the induced 
rctlvities of Na". Cr", and binu. 
of the reactions Involved. 

between 300 and 700 yards.( 

The specific activation was reasonably well related lo ule cross sections 

The measured neutron dose exceeded that uredlcted b p  2. 6 for ranges 

- 1 $ ! W l T % p Z c e  p r 3 i T u c d ~ - p r e d i c : e d  gamma dose at all 

ranger, wlth the greatest dlscrepancy occurring at the close-In ranges. The effective mean free path of 
the ulltial gamma radlatlon at ranges in excesi of 1,500 yards was 440 yards. slightly greater than the 
d u e  predicted (using a relatlve alr denslQ of 0.81 of 425 yards. 

6.3 PROGRAM 3: EFFECTS ON STRUCTURES 

A.3.1 Project 3.1. Agency: U.S.  Army Engineer Waterways Experlment Station and U. S. Naval 
Clvll Engineering Laboratory. Report Title: Blast Loadlng and Response of Underground Concrete-Arch 
Protective Structures. WT-1420. Project Officer: W. J. Flathau. 

The purpose of thls project was to evaluate the effects of a klloton-range nuclear airburst on hurled 
Elnforcedsoncrete arch structures located in the hlgh overpressure region. Since these were to be cm- 
ildered as personnel protective structures, they were evaluated for their resistance to blast, radiatlon, 
Ild mlsslle hazards. 

Four structures, wlth the top of the arch crown 4 feet below ground surface, were positioned at three 
dflamnt overpressure ranges for the Priscilla Shot, a 36.6 kt, 100-foot-high burst. All four arches 
Wre semldrcular In cross-section, with an lnslde span of 16 feet and an arch tblclmesa of 8 inches. 
h e  of the structures were 20 feet long and tbe fourth was 32 feet long. A 20-foot-loq structure was 
Placed at each of tbe predlcted ground-surface a l r  overpressure levels of SO-. loo-, and ZOO-psi, whlle 
b 32-foot-long structure wan placed at the predlcted ground-surface air overpressure level of 50 psl. It 
rU speclfled that all structures be deslgned tu withstand a 50-psi peak blast overpressure using 3,000-PSI , 
COCCmte. The four structures were Instrumented for measurements of air overpressures, earth pressured 
~!leeUcaa, acceleranws, strains. radiation, end mtssiles. 

bW, aU remaining structurally seruiceablr. 
PbrloUS cracklng of the floor slab and mlnor tension cracking of the arch Intrados; however. even though 

The four structures recelved actual alr werpressures  of 56. 124, and 198 psi and suffered only minor 
The s t ruc tux  at the 199-PSI pressure level exhiblted 

damage was alight. ths peak floor slab acceleratlon of 13.4 g may have been physiologically hazardoua 
wrsormei. 
It wan observed that the earth loading around the arch surface was not uniform and that the arch Itself 

&went appreclable bedtog. The passlve pressure exerted by the sol1 on tbe arch surface aided In 
~ ~ k ~ P i q  tbe transmiaslm of the compressive load. 
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. Subsequent aoalysis. allowing for the actual concrete strength of 4,500 Psi. showed that the capaciw of 
the s t w t u r e s  at the tlme of the Priscilla Shot exceeded the speclfled design capaciw of 50-psi ground- 
s h c e  n(r overpressure. Consequently. tbe data obtained are not sufflcient for more than tentative con- 
clusimm. about the ultimate capacity of the Structure. A retest a t  hlgber overpressures should furnish the 

T b  entranceway of tbe shelter was designed to exclude air  overpressure only, therefore considerable 
ndlaUm waa admitted; however. the entranceway could easily be modified to greatly reduce the amount of 
ndiaUm transmitted through it to the lnthrior of the structure. Also, the entrance 18 of the emergency 
type. for economy, and would he secondnly to a rapid access entrance in an actual protective shelter. 
T k r e  were no mlssiie and apparently no dust hazards in any of the structures. 

rfsting the effects of a klloton-range nuclear a l r  burst. 

: 

! p d d m o d  data needed. 
1 

! ' 
' 

1 

i 
This test showed that an underground relnforced-concrete arch is an excellent structural shape for re- 

A.3.2 Project 3.2. Agency: Bureau of Yards and Docks and U. S. Naval Clvil Engtneerlng Laboratory. 
Report Title: Evaluation of Buried Conduits as  Personnel Shelters, WT--1421. Project Officer: 0. H. 
Albright. 

Tvelve large-diameter buried conduit sections of various shapes were tested in the 60-to-149-psi over- 
pressure reglon of Shot Priscilla to make an empirical determination of the degree of personnel protection 
afforded by commercially available steel and concrete conduits at depths of burial of 5. 7.5, and 10 feet 
blow grade. Essentially. it  was desired to assure that Department of Defense Class I (100-psi and com- 
prnble radiations) and Class U (50-psi and comparable radiations) protection i s  afforded by use of such 
conduits of various conflgurations. 

Inside the structures; acceleration of each structure; deflection of eacb structure; dust inside each S ~ P U C -  

Ure; fragmentary missiles inside the concrete structures; and gamma and neutron radiation dose inside 
uch structure. 

All buried condult sections tested provided adequate Class I protection (100-psi overpressure and com- 
i rable  radiation protection) for the conditions under which the conduits were tested. Standard 8-foot con- 
crete sewer pipe withstood 126-psi overpressure without significmt damage (minor tension cracks observed); 
ntandard 10-gage corrugated-steel 8-foot circular conduit sections withstood 126-psi overpressure without 
rlgnificant damage; and standard 10-gage corrugated-steel cattle-pass conduits withstood 149-psi over- 
pressure without significant damage. Durations of positive pressure were from 206 to 333 milliseconds. 

Measurements were made of free-fieid overpressure at the ground surface above the structure; pressure 

A.3.3 ProJect i.3. Agency: Bureau of Yards and Docks and U. S. Naval Civil Engineering Laboratory. 
&port Title: Evaluation of Buried Corrugated-Steel Arch Structures and Associated Components, WT-1422. 
Roht  Officer: G. H. Albright, 

Three underground corrugated-steel arch Structures covered with 5 feet of earth Were subjected to peak 
mrpressures of 60 and 100 psi during Shot Priscilla at the Nevada Test Site. Essentially, it  was deslred 
Lo assure that Department of Defense Class U (50-psi overpressure and comparable radiations) protection 
II afforded by two types of 25-foot diameter. IllO-degree corrugated-metal arches. 

Free-field overpressure was measured at the ground surface above the structures, along with pressure 
haids each structure, acceleration of the tloor slab, arch deflection relative to the floar slab. and gamma 
and neutron radiation doae inside eacb structure. Dust was measured inslde one structure. 

All arch structures provided adequate Class II protection for the conditions of the test. One arch struc- 
b. relnIorced with steel arch ribs, withstood lOO-psl overpressure (333-msec positive-phase duration) 
Mth no iigniflcant damage other tban a cracked floor slab. 

A blast closure valva was tested in the ventilating system of one structure. Operation was satisfactoly 
bvfng the positive-pressure phase, but the valve leaked excessively during the negative-pressure phase. 

Prototype pits deslgped to partially shield emergency power generator sets against blast. missiles, and 
thermal radiation damage were tested to determine their adequacy. Damage assessment Indicated signifi- 

: 

but inadequate protection at the overpressures to which the generator sets were exposed. 

A.3.4 Project 3.4. Agency: Armour Research Foundation, Chlcago. Illlnois, and Air Force Special I used for mew purposes. 

wWOn.8 Center. Report Title: Blast Effects on Exlstlng Upshot-Knothole and Teapot Structures, W-1423. 
Probct Officer: E. H. Bultmann. Jr. 

h s  Upshot-Knothole and Teapot. The general objective of the project was to secure blast loading and' 
"OnSe data from the behavior of tbese structures during Operatloo Plumhbob. Ln most instances the 
QWflc  objectives were tboaa of the orignal test effort. In some canes, however, existing structures 

hoject 3.4 comprised elgbt individual tests. seven of whtch utilized structures remaining from ope?- 

Tk following structures were retested: 
1. TP 3.7a-1 and b-1 (full-scale mill bulidlngs) 
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2. TP 3.8~-1 (reinforced cmcrete  panels) 
3. UK 3.8 (underground beams. also tested as TP 9.4) 
4. UK 3.1 (underground chamber. modified) 
5. UX 3.5ba and bc (roof pan& structure, modified) 
6. UX 3.29c-1 and c-15 (wall panel structure, modlfied) 
7. In addition to the abve .  observations were made 01 a number of existing structures in Frenchman 

~ 1 . t  and Area 1 of Yucca Flat for which additlonal damage was anticipated and which were not Included in 
the teat plans of otber agenclea. 
The only completely Dew items tested were a seri88 of Concrete panels whose behavior to close-in ther- 

m d  radiation was investigated. 
Tbe objective of the test utilizing the TP 3.7a-1 and b-1 structures was to determine the blast response 

of fall-scale mill type buildings as a check on the reliability of existing damage predlction schemes, there- 
supplemanting the results of the original TP 3.7 test. 

accordance with the blast response prediction. 
The objective of the test utilizing the T P  3.8a-1 panels was to determine the blast response of fixed-end 

concrete panels to supplement the findings of the original T P  3.8 test. The panels sustained a slight fur- 
lher permanent deformation. a 

Tbe objective of the test utilizing the UK 3.8 underground beams was to determine the blast response of 
tbese items to supplement the findings of the origlnal test with respect to effective vertical earth pressures 
and attenuation with depth. The beams sustained appreciable additional deformatlo% in this test. The re- 
d s  obtained showed a marked attenuation of efteccive vertical earth pressures (Le., damage) with depth. 
The objectives of the test utilizing the modified UK 3.7 structure were to determine the air  blast loading 

~n the Interior of an undergrwnd chamber which I s  vented to the outside by a relatively large opening, and 
to determine the response of an underground reinforced-concrete roof slab for the purpose of correlating 
my damage incurred Mth existing load and reeponse prediction schemes. The pressure measurements 
obt+ned ln thls structure showed the general precursor shape of the exterlor wave and a reduction to 60 
percent of the peak overpressure. 

Tbe objective of the test utilizing the modified UK 3.5b structure was to determine the a i r  blast loading 
m i  rectangular block in the interior of a pardally open hullding. The data obtained nas  to be correlated 
with existing shock tube data on a geometrically similar configuration. The press- measurements ob- 
Wned In the empty cell and on the block showed general agreement with shock tube data. The measured 
pak interior pressures were in excess of the exterior peak pressure by 20 percent. 

Tbe test utilizing the modlfled UK 3 . 2 9 ~  test cells was to determine the air  blast loading behind solid 
wall panels (corrugated asbestos and unreinforced cinder blockl which fail due to the incident shock wave, 
md to compare thls infonnatlon with existing shock tube data for model wall panels. 
wements obtained showed that the interior pressure wave was essentially unaltered by the failing corrugated 
utestoa wall, but that I t  was markedly affected by the failing cloder block wall. In the latter case th? 
interior Nave was a compression wave with a rise time of about 03 msec and a pak overpressure nearly 
ZOpercent In excess of freestream. 

Tk? objective of @e test utilizing tbs special concrete panels was to determine the comparative behavior 
of these materlals to close-in thermal radiation. Essentially no damage was observed to any of the panel6 
tested. It is concluded from this that even untreated portland-cement concretes can successfully withstand 
lhe effects of thermal inputs comparable to that obtained at 100-foot slant range from Shot Priscilla. 
Tbe objectlve of tbe test utilizing the vartcus existing structures in Frenchman Flat and Area 1 of 

Yucca f la t  was to gain bonus information on the blast response of these structures and also to maintain a 
permanent record of tbe existing condltion of structures in this area. 
lddltional damage. 

Both tbe structures collapsed in this test, in 

The pressure mear- 

Numerous structures sustained 

A.3.5 Project 3.5a. Agency: Stanford Research Institute. Report Title: Isolation of Structures from 

The effectiveness of franglble bacldlll (glass bottles) In protecting underground structures from the 
Ground Shock, W-1424-1. Project Officer: R.B. VaUe, Jr. 

Merit motions prcduced by nearby explosions was investigated. Two test structures and one cornparkon 
8tNcture were used. Each test structure was a reinforced concrete pipe enclosing a steel cylinder separ- 
ated from the pipe by rubber 0-rlngs, with glass bottles placed around the sides and bottom of the pipe. 
Thm comparison structure was a concrete pipe with solld concrete bottom. 
h i e d  with their axes vertical, and thelr tops approximately 2 feet below grwnd level. A concrete slab 
1 foe4 thlck wp .  set above each, flush with t b  ground surface. One test struchue and the Comp~lSon 
ahcture were 750 feet from ground zero (229-psi peak overpressurn). Tne remaining test S t r U C h l r e  was 
1,050 feet from ground zero (104-psi peak overpressure). 

The peak accelerations of these structures. produced by shear forces exerted against their aides, were 
W e e d  by tbe franglhle backUll to 26 percent or  less  of those that structures in intimate contact with the 
Dil would have emrlenced. 
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Four years after the shot the structuras were sxcavated. A l l  the bottlqs around the sides d the test 
*mcture at 229 psi wer0 completely crushed, only a fourth of the bottles f t  the 104-psi location were 
brdren. most of lhese on the upper half of the structure. 

At the 229-psi location the soli apparently was stressed beyond failure, and the protective capabilities 
ofthe backfill were fully utilized. At the 104-psi location the backfill capabilities were 10 percent ex- 
prided, lhe conflgurarion could have accepted a second attack at 200 PSI or four or five attacks at 100 psi. 

Tbs soil beneath the two test structures moved down a greater distance than the structures, and the 
frngible elements beneath tham showed no crushing and only minor fracturiog. 

Tbe frangible backflll was shown to enhance the protection afforded by an underground etructure agdnst 
more tban one attack of relatively small magnitude wlule retaining a major part of the capability to protect 

t 

! 
L 
' 
L 
! ' against a single large attack. Further investigation Is recommended. 

A.3.6 Project 3.6. Agency: Air Force Special Weapons Center. Report Tltle: Full-Scale Field Tests 
ofDome and Arch Structures. WT--1425. ProJect Officer: E.H. B u l t m m ,  Jr. 

Thia report describes testa on dome and arch structures sponsored by the Alr Force Project 3.6 and 
tlu Office of Civil and Defense Moblllzation (OCDM) Project 30.1 during Operation Plumbbob. The pri- 
mary objectives of the test were to determlne the blast-wave loadlng on dome and arch s t rxtuxes,  deter- 
mine the response motions of domes subjected to blast-wave forces, and check the performance of a large 
blast door after being subjected to blast-wave forces. 

ing domes; two 50-foot-dlameter, reinforced-concrete, 24-inch-thick, nonresponding domes; two 20-foot- 
dlameter. responding aluminum domes; two 35-foot-span, 90-foot-long, reinforced-concrete nonresponding 
arches; and one 7-by-10-foot drawbridge-type door. The nonresponding structures were instrumented to 
&@mine pressure as a function of time, and the responding structures were Instrumented to determine 
pressure and displacement a s  a function of time. A limited number of shear, strain, and ground accelera- 
tlm'measurements also were recorded on the responding domes. 

The three 50-foot responding domes were identical as f a r  as  was practical to build them. They were 
placed in the TO-. 35-. and 20-psi regtons and were designed ta suffer slight damage at the %-psi level. 
Tk aluminum domes were both placed in the TO-psi region. The shell of one was 1 inch thick, the other, y2 
Inch thick. The nonresponding domes and arches wero placed, one each, in the expected 70- and 35-psi 
regions. The nonresponding domes were self-supporting, while the nonresponding arches consisted of a 1- 
faat-thick slab poured on an earth mound. The drawbridge door WBS placed in the expected 35-psi reglon. 

Actual overpressures developed In the predicted 70- and 20-psi regions were very close to the predicted 
aarpressures. 

T t e  responding reinforced-concrete dome In the high-pressure region suffered nearly total destruction, 
Tbs windward side of the dome in the medium-pressure region was demolished. 
b low-pressure reglon was not damaged. No damage was suffered by any of the foundations. 

A total of ten structures were used: three 50-foot-diameter, reinforced-concrete. 0-inch-thick, respond- 

i 

, 

I ' 
f 

The actual overpressure at the expected %-psi region was about 40 psi. 

The responding dome In 

Both aluminum domes suffered total destruction. The ?$-inch-thick shell was dished down into the 1 bubbtloq the 1-inct,-thick shell was crushed against the aide of the foundation away from ground zero. 
: No damage was suffered by the foundations for the aluminum domes. 
i The nonresponding domes and their foundations were not damaged by the blast. 

The nonresponding arches suffered shear failure along the end walls and a alight displacement, about 
inches. for the 70-psi arch, and 1 inch for the %-psi arch. A tension crack appeared just beyond the 

Tbe test of the prototype door was also a success. It survived without significant permanent deforma- 
CmIw of the TO-pal arch, the crack running the lull lengtb of the shell. 

UWt. The only damage (around the edge of the door) was of minor nature and could be prevented by a 
d4hl change in design. The locklng and hinge mechanisms functioned perfectly after the test. 

Aoalysls of tbe loa$ng data failed to disclose any reflected-pressure effects on the structures because 
athe lack of 8 classical tvpe of shock front in the precursor blast wave at each 01 the structures. Enough 
m*l irdormation was obtained M the nonreaponding structures at the 70-psi region to permit the com- 
W U M  of pressure coefficients as  a function of time on these structures. 
Tbe dome-response measurements obtained on the tests generally confirmed the theory which was used 

dealgn of the domes. Failure of certaIn response gages during the test, notably tbr strain gages. 
PNWnt8 a complete descripiioo of the manner in which the dome Structures resisted the blast loading. 

h3.7 Project 3.7. Agwncy: BallIstio Remamh Laboratories. Report Title: lnstrumentatlon of Structuras 
&'-Blast mdGround-Shock Effects, ITR-1426 (considered Unal). Project Officer: J.J. Meszaros. 

The cbJective was to provide Instrumentation, electronic and self-recording. for  obtalnlng alr-blast and 
Pasd-shock loading and response of the structures employed by the varlous stmctures projects. i&luded 
.U hlallatlon of transducers, recordlng ot transducer signals, and presentation of the recordings a8 non- 
k r l l e d ,  time-dependent plots d the measured variable in the specified amropriate unfta. A total of 430 
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wording channels were utillzed; of thcse 161 were electronic recording on magnetic tape. 225 were salf- 
mo& time-dependent gage% and 44 were peak indicating. 

A.4.1 Project 4.1. Agency: Walter Reed Army Institute of Research. Report Title: EBects of Nuclear 

Tbe data presented in WT-I428 results from Investlgatlon of the effect of nuclear devices on a large 
Mological speclmen (swlne) In the following fields: injurles caused by the nuclear device, wounds produced 

I lklonntions on a Large Biologlcal Specimen (Swine). WT--1428. Project Officer: G. M. McDonnel. 

218 



! 
j 

., 
A.4.Z ProJect 4.2, Agsncy: Aero Medlcal L&r&ory. Wright Air Development Center. Report Title: 

Bvaluatlon of Eye Protection Afforded by an Elec t romechdcd Shutter, WT-1429. Project Officer: Wayne 

ThIs project's objective wad to evaluate a Ugh-speed electromechadcal shutter that had been developed 

Th.0 shut ter  wad tested dura five shots by the use  of animal and human subjects. The thermal energy in- 

~ E. Gulley. 

u L proteettve devlce agalnst f l a shb l ihas s .  

cident on the shutters r q e d  from 0.0347 to 0.1804 cal/cm2. Illumination incident on the shutters ranged 
from 13.200 to 120.000 lumeos/ft'. The shutter closure tilr.e w a s  5 5 0 t M  psec. Racovery after exposure of 
vfsual effectlveness of personnel protected by the shutter was  instantaneous and complete. whereas unpro- 
tected animals recelved chorioretinal burns. It was  concluded thy a shutter of the tVpe tested during this 
operation offered protection from flashblindness. The electromechanical shutter waa sufficiently developed 
to be incorporated into a goggle for s e r n c e  testlng. 

A simple relationshlp is also given for  scaling peak photometric Illumination against peak therm4 Irra- 
diance. 

' 

A.5 PROGRAM 5: EFFECTS ON AIRCRAFT STRUCTURES 

4.5.1 Prolect 5.1. Agency: Bureau of Aeronautics. Department of the Navy, and United Aircraft Corpora- 
HOP.. Report Tltle: In-FUght Structural Response of an Hss-1 Helicopter to a Nuclear Detonation, WT-1430. 
Project OLficer: J. H. W a s .  

An instrumented HSS-1 helicopter was flown In the vicinity of nuclear detonations to measure hellcopter 
response to overpressure and gust and to determine the delivery capabilitles of the HSS-1 for antisubmarme 
warfare a# limited by blast effects. Measurements of overpressure and resulting s t resses  were obtained with 
b e  hellcopter doors and windows opened and with and without tail-cone reinforcements. Partial coverage of 
the range of shock front Incldent angles expected from the detonation of underwater nuclear devices was ob- 
Wned. 

Comparisons a re  shown of experimental gust response data obtalned during these HSS-1 tests with pre- 
diction of hellcopter gust response made possible by employing a six-degrees-of-freedom analysls of 
helicopter stabillly and control characterlstlcs and maneuvering loads. Favo:able correlation provides 
confidence that the analytical metbods may be employed to predict the helicopter flying qualities as ,well 
as applled aerodynamlc loads throughout the range of actual dellvery cmditions. 

Comparison of experlmental fuselage stresses with analytical predictions are presented to show the 
accuracy of the stress analysis  methods employed for determination of fuselage response to overpressure. 
Confirmation of analysls methods for  structure most critical for overpressure effects permits establlsh- 
ment of the HSS-1 strictural llmltations due to blast. These llmitations were determined by analysis to 
be the hellcopter design limlt maneuvering load factor of 2.67 g and a llmit overpressure of 0.71 pal. 

Micopter were adequately deflned for appllcatlon to the pmblem of safe escape from underwater nuclear 
bursts. 

A.5.2 ProJect S.2. Agency: U.S. Navy Bureau of Aeronautics. Report Tltle: S t ~ c t u r a l  Response and 
Gas Dynamics of an Airship Exposed (0 a Nuclear Detonatlon. WT--1431. Project Officer. D. A. Gilstad. 

Four Model ZSG-3 alrsbips, U.S. Navy Bureau of Aeronautlcs Nos. 40. 46. 77, and 92, participated 
during Operation Plumbboh to determine the response characteristics of the Mo&l ZSG-3 airship when 
sublected to a nuclear detonation In order to establish criteria for safe escape distances for airship deliv- 
ery of antisuhmarlne warfare special weapons. 

Restrained response Qata for 0.40-PSI overpressure input were obtained during S o t  Franklin with the 
2%-3 No. 71 moored tail to the blask Unrestrained response data for 0.75-psi overpressure input were 
obtained durlng Shot Stokes with the ZSG-3 No. 40 free ballwned, tail to the blast, 300 feet aboveground. 

The flrst alrshlp exposod to overpressure experienced a structural failure of the nose c m e  when it was 
rammed into the mooring mast, together with a tear of the forward ballonet which necessitated deflnHon of 
the envelope. The second alrshlp broke in half and crashed following a clrcumferential failure of the en- 
velope originating at the bottom of the envelope. forward of the car. Neither airshlp experienced any olher 
[allure. except for damage to tall-assembly movable-surface stops from shock forces on the control sur- 
faces. The two otber prolect airships. NO& 46 and 92, were tom loose from their mooring masts at the 
Nevada Test Site by hlgh-Intensity winds and were destroyed before parttcipatlng in any shots. 

bacaulre of extreme variations In atmospherlc condftlons. 

for Shot Stokes. overpressure Input versus t h e  from osclllographlc ground-statlon recordlngs Is pre- 
mated. Unbriumtely, no airborne oscillographic recordlngs were obtalned durlng Shot Stokes because of 
a power Lllure. 

j 

The primary obfectlve of the proJect was  achieved to the extent that the critical blast limits of the HSS-1 

In general. Operation with alrahlps within the Nevada Test Site was found to be extremely hazardous 

Hlstorlen OI nlrshlp response versus Hme from oaclllographic recordlng are presented for Shot Franklin. 
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Primarily because of operational difficulties in the field, the scope of the data obtained was not adequab 
to satlsfy the basic objectives of Project 5.2. However, the test results a r e  considered to be P suitable 
basis for further analytical studies of airship response to nuclear blast effects beyond the scops of WS 
repori. 

A.5.3 ProJect 5.3. Agency: U. S. Navy Bureau of Aeronautics. Report Title: In-Flight Struchrral Response 
of F J 4  Aircraft to Nuclear Detonations. WT-1432. Project Officer: A.N. Jullan. 

Project 5.3 participated in operation Plumbbob lo: (1) meaasre thcrmal and blast response of the FJ-4 
aircraft to nuclear explosion effects; (21 correlate experimental response data with the analytical predictia. 
to confirm the dellvery capability of the FJ-4 aircraft; and (3) obtain data to improve the methods of pre- 
dicting the hlast response of swept-wing aircraft. 

identical instrumentation in the two aircraft. This instrurnentatlon provided for'the acquisitlon of data on 
thermal input and response of thin-skin and honeycomb structures, nuclear effects. overpressures, dynam- 
ic response, enghe response. md chordwise pressure distribution over the swept wing. 

Instrumentation included strain gages, thermocouples. calorimeters, radiometers, pressure transducers, 
film badges. and pitch-rate and attitude gyros. 

The aircraft participated in seven shots, ranging in yields from 10.3 to 74.1 kii6tons. ' The only d a m w  
sustained was the blistering of the neoprene rain-erosion coating on the nose raddine during Shot A d .  

From the final analyses of the test data the following conclusions were made: (1) correlation of radiant 
exposure data indicated that shielding affects the thermal output of the nuclear device; (2) the methods for 
predicting the thermal response of both thin-skin and honeycomb panels to known radiant exposure and ir- 
radiance from a nuclear detonation are satisfactory: (3) the critical dynamic response of the aircraft 
strucNre was determined to be bending a t  Wing Station 11.5; 14) the maximum stress  levels a t  Wing Station 
17.5 and t b  maximum amplitudes of aircraft rigid-body pitching motion were accurately predicted. with the 
former having an average e r ror  of only 2.55 percent of limit-allowable stress; ( 5 )  for the high-blast in- 
cidence angles experienced in this operation,.the blast effect and rigid-body response were both nearly 
proportional to free-stream overpressure and blast-incidence angle; (6) there was a discernible diffraction 
pulse of force on the FJ-4 wing during blast impingement, however. this pulse had a negligible effect on the 
critical stresses of the FJ-4 wing; (7) correlation of gamma doses was satisfactory when shielding was 
taken into consideration; (8) the correlation of postshot free-stream overpressures and times of shack 
arrival with measured values was excellent; and (9) no power-plant structural damage-or adverse opera- 
tional effects occurred. 

T w  aircrafl, a primary and a standby, were flown during the operation. Provisions were included for 

. 

A.5.4 Project 5.4. Agency: U. S. Navy Bureau of Aeronautics. Report Title: In-Flight Structural 
Response of the Model A4D-1 Aircraft to a Nuclear Explosion. WT-1433. Project Officer: J.H. Walls. 

This report presents the results of the pnrticlpation of two A D - 1  aircrafl in Operation Plumbbob as 
Project 5.4. 

The CbjeCUVeS of this project were to: (1) measure thermal and blast gust response of the Am-1 air- 
crnlt to nuclear explosion effects. (2) obtain data to improve the methods of predicting blast gust response 
of alrcraft d t h  wings of triangular planform, and (3) correlate experimental response data for  the A4D-1 
with analytical methods for use in determlning its nuclear weapon delivery capability. 

ity for delivery of special weapons covering a wide range of weapon yields. 

Hood (71 kt), Diablo (17.0 kt). Sbasta (16.5 kt), Doppler (10.7 M), and Smoky (44 kt). 

strumentation emphasis Was placed on measuring wing pressure distributions, wing shears, moments, 
torques, and aircraft accelerations. 
ceived at the aircraft and the temperature response in the thin skin panels on the lower surface of the 
aircraft. Additional Instrumentation was installed to measure and record time of shock arrival, over- 
pressure. and the effect of the shock wave on engine performance. 

The gust respcnee results of the tests are  presented as wing chordwise and spanwise pressure distributions 
versus time, spanwise plots of wing section lift coefficient. average pressure. and center of pressure versus 
time, aircraft center of gravity and tall acceletatlon versus time, aircraft p l t c b g  motlcn versus time, wing 
shear. torque. and bendhg moment versus time. and tau load versus time. Other results of Lhe tests are  pre- 
sented a s  irradiance and radlant exposure versun time, temperature in thin s u n  areas  versus time. maximum 
temperaturn r i m  at each thermocouple location, peak overpressure. and time of shock arrival. 

Calculated weapon effects and aircraft responses a re  compared with the measured results to show the 
adequacy of the analytical methods. For gust responses, the calculated aircraft response used for com- 
parison with the measured results reflects refinements in the analytical methods not included In pretest 

The A4DL1 aircraft i s  a single engine. modified delta wing, carrier-based attack aircraft with capabil- 

The Am-1 aircraft. as Project 5.4. participated in seven shota: Boltzmam (11.5 kt). Priscilla (36.6 kt). 

Since improvement of analytical methods of calculating gust response was  the primary objective, in- 

Instrumentation was also installed to measure thermal energy re- 
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pndiction of p s t  response. Primarily. the reflnements needed to improve the gust response prediction 
methods were the inclusion of mass coupling effects in the analysis of wing vibration and a chmge in tirne 
duration of the shock diffraction loading. The resulting method of dynamic structural analysis provided 
analytical solutions which compared favorably with the experimental results. 

The prediction methods presented in this report for the thermal effects gave fair q reement  with the 
measured results for the radiant exposure and maximum temperature rise. From comparison of calcu- 
lated and measured temperature rise using tbe measured radiant exposue, it is s h o w  that the ternpera- 
t u n  rise In critical skin panels can be calculated with reasonable accuracy. The principal improvement 
of the maximum temperature rise calculation appears to be in increasing the accuracy of estimating the 
radiant exposure. 

sbock arrival. 
Excellent agreement was obtained betueen the measured and calculated peak overpressure and time of 

< 

A.6.5 Project 5.5. Agency: Wright Air Development Center. Report Title: In-Flight Structural Re- 
sponse of an F-89D Aircraft to a Nuclear Detonation, WT-1434. Project Officer: G. Stalk. 

The primary oblective of ProJect 5.5 was to determine the structural response of the F-89D aircraft 
In flight to the blast and thermal effects of a nuclear detonation. The recorded data will be used to correct 
o r  verlly the F-89J Weapons System Capability Study and to further define the F-89J weapon-delivery 
capabllity. Use  of the F-89D test aircraft to evaluate the F-89J analysis was valid because of the s tmc-  
tural simllarity of the two models. 

To accomplish the ob]ective, the test aircraft was instrumented to measure the overpressure, gust 
(dynamic-pressure wave). and thermal inputs together with the aircraft response to these inputs. The 
nlreraft was positloned a t  predetermined polnts in space in the viciaity of nuclear detonations. The posi- 
tions selected were not necessarily representative of delivery maneuvers but were at points where the 
combination of dynamic loads and steady state loads w u i d  approach the design Ilmit load. 

For each shot except John the aircraft waa positioned to receive a hlgb response on the most critical 
structural member for the particular orientation and gross weight used without exceeding the 5 rem-per- 
mission limit for maximum nuclear radiaUon exposure to the sircrew. The range of maximum structural 
reaponre was TO to 100 percent of design llmlt load. In all events except Shot John the aircrzft was posi- 
lioned at vsrlous slant ranges irom ground zero and was flying in a ateady-state 1.0 g level flight condi- 
tion at shock arrival. On Shot John authorization was granted to exceed tbe 5 rem-per-mission limit but 
remaln within the 35-rem-total accumulated dosage for the i l rcrew participating in t b h  event. Shot John 
was a dellvery of an air-to-air weapon (ME-1). containlng a nuclear warhead. from an F-89J aircraft 
with th, Project 5.5 F-89D aircraft flying slde-by-side formatloo. At the time of launch. the Project 5.5 
aircrsfl and the Itellvery aircraft banked in opposite dlrectlons performing a typical escape maneuver as  
determined by the F-8W capability sludy. 

Maxi- 
mum nuclear dosage received by the alrcrww occurred in Shot John where the pilot received 3.55 rem 
and the ptoJect fllght engineer received 2.44 rem. Tha maximum free-stream overpressure measured 
was 0.51 psi during Shot Shasta and the maximum gust loadlng occurred durlng the Shot BoltzmaM parti- 
cipation where 84 percent design limit load was recorded at Wlog Station 267. 

From the partlcipatlon of the F-89D aircraft h Operation Plumbbob, it cao be concluded that the re- 
aporiae of the F-89J to the hlast associated with a nuclear detonation produces higher wing loads than 
predicted analytically by Nonhrop Aircraft, hc. in “F-89.7 Weapons System Capability Study”; Phase 11. 
Volume I, Summay. NAI-56-891. Therefore. that report should be corrected to reflect the information 
obtained by this proJtct. 

The alrcraft successfully participated in 14 eventa wlth yields ranging from 0.1 M to 74.1 kt. 

A.6 PRDGRAM 6 ELECTROMAGNETIC EFFECTS 

A.6.1 ProJoct 6.1. Agency: U. 9. Army Engineer Research and Development Laboratories. Report 

The obJectlva of the proJect was to Investigate the behavior of pressure-activated antitank mines under 
TlUe Mine-Field Clearance by Nuclear Weapons. WT--1435. 

sirblast loading from a nuclear detonation. OS particular interest were lhe rellahility of current methods 
for predlctingprobablllty of land-mlne actuation from nuclear detonations. the eifect ol burial depth on 
rnb ~ctua~ion. and tb effect of sympatbetic actuatlon In extending the range of mine clearance. In nddi- 
tlm, a study was Lnltiated to determlne If special metbods were needed for  predlclion of mine actuation 
at par t iculu range. of transition in the prersure-wave ahape. 

PmoeQurea for predictlag mine actuation under nuclear detonatIon6 were reasoaably accurate; (2) in the 
live mine flalds, sympatlmtlc actuation occurred among mines; (5) the response of the Universal ludicator 

Projact Officer: F. E. Deeds. 

Plfteen mlne types. both United Slams and foreign, uere  employed. Test results indlcated: (1) Iho 
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Mines (Urns) increased wi& burial depths to a maximum value between 6 and 9 inches; and (4) the reliability 
of the sctuatlm CUNes can he improved hy laboratory testing of adequate sampling of mines. 

lncluded within tke ProJect were four subprolecta conducted by o r  for Picatinny Arsenal. Diamond Ord- 
naucs Fuze Laboratories (DOFL). Chemical Warfare Laboratory (CWL). and the United Kingdom. 

The purpose of t b  study by Picatinuy Arsenal was to evaluate the effectiveness of two experimental 
actuation devices. High Hat nod Parher. in providing pressure-actuated mines with protection against 
blast effects of nuclear detonations. It wan concluded that High Hat provided significantly improved re- 
s l s m c e  to clearance and warranted further development. Although Partner worked well at high w e r -  
pressure. it was concluded that the value of the des@ was questionable at pressures less than 16 psi. 

Chemical Warfare Laboratory attempted to determine qualitatively the ground cmtamination pattern 
produced by E-5 land mines detonated by a nuclear blast. Two mines were detonated by Shot Priscilla. 
Preliminnry inspection showed that the contaminant was spread to a distance of 5 yards from the mine 
detonation. Analysis indicated a difference in the distribution of ground contamination patterns between 
mines detonated by the nuclear blast and those detonated individually prior to the test. Dust storms that 
followed the explosion may have been responsible for the observed difference. 

ties. Tbe objectlve was to supplement current British data on the behavior of these.mines under nuclear-blast 
loading. A cursory examination was made alter the blast to determine: (1) displacement of mine by blast. 
(2) damage to the mine boay. and (3) functioning of the fuzes. Analysis was garformed by the British, and 
the results determined were not a part of Project.6.1. 

A special program was instituted to test four British mines under conditions specified hy British authori- 

A.6.2 Project 6.2. Agency: Diamond Ordnance Fuze Laboratories. Report Title: Measurement of the 
Magnetic Component of the Electromagnetic Field Near a Nuclear Detonation, WT-1436. Project OfCicfr: 
P.H. Haaa. 

Operation Plumbbob was measured at distances r a g i n g  from 650 to 14,400 feet from ground zero. 
output from low-impedance. shielded-loop antennas was amplified, in some cases integrated, and then 
recorded on magnetic tape by specially designed. ruggedized, and well-shielded tape recqFders. 

versus time and the time derivative of field intensity versus time. It was determined that the major com- 
ponent of the field is in the azimuthal direction H e ,  and that relatively strong vertical and radial fields 
also exist. Inltially sharply rising fields. lasting no longer than 100 msec are followed by longer p e s t s -  
tence signals Mtb rise times of millisecond order. 

The magnetic component of the electromagnetic field generated by several nuclear detonations during 
The 

Oscillographic representations obtalned from the tapes upon playback include records of field intensity 

A.6.3 Project 6.2a. Agency: Diamond Ordnance Fuze Laboratories. Report Title: Effect of Nuclear 
Rsdiation on Semiconductor Devices, WT-1489. Project OfIicer. P. H. Haas. 

A total of 350 transistors and semiconductor diodes, includlng germanium and silicon types, were 
exposed to nuclear detonationa. S me of the transistars were operational during exposure as oscillators. 
amplifiers, and trigger circutts.&diation levels varied from 10" to 4 x 0'' NVT (n/cm4 integrated 
neutron flux. accompanied by gamma radiation between 0.1 and 100.000 r. 

diode reverse leakage current &,). 
fluxes thao were the audio units, and the surface-barrier t y p s  were virtually undamaged by the maximum 
fluxes obtalned. Semicnductor diodes showed M increase in forward resistance and a decrease in back 
resistance, ulth point-contact types showing much less  change than the junction types. 

exposed. Degradation of performance of this equipment was almost entirely attributable to changes in the 
semiconductor parameters. 

that total integrated neutron flux is of primary significance. ratber than rate of exposure. 

The transistors showed a decrease in common-emitter current galn ( tA ) and an increase in collector- 
The higher-frequency transistors were less affected by neutrod 

Transistors and dicdes in *rating equipment suffered permanent damage comparable to those passively 

The results obtained are in reasonable agreement with data obtained from pile-type reactors, indicating 
" 

A.6.4 Project 6.3. Agency: U.S. Naval Ai r  Development Center. Report Title: Attenuation of Electro- 

The objectives of Project 6.3 were to measure the attenuation of electromagnetic radiatlon of various fre- 
magnetic Radiation Through an lonized Medium, WT-1437. 

quencies due to propagation through an ionized cloud and to compute the rate of removal of electrons by re- 
combination and attachment from the attenuation measurements. 

the detonation. were not attenuated. 

40-kt detonation. 
between the radar and the aircraft. 

Project Officer: William S. Lee. 

Radio signals propagated through an ionized cloud for yields up to 9.6 kt, from one to four minutes after 

An M-33 X-band fire-control radar skin-tracked an FJ aircraft through the ionized cloud created by a 
No differenca in signal level waa noted whether or  not lhe ionized cloud was interposed 

--_ 
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A.6.5 ProJect 6.4. Agency: AIr Force Cambridge Research Center. Report Title. Accuracy and Rella- 

T b  primary objectives of this Indlrect Bomb Damage Assessment (IBDA) experiment were to hcorpo- 
MUty of a Short-Baseline Narol System. ITR-1438 (considered final). Project Officer: Richard A. Houghten. 

rate resultll oi operation Redwing into an operational-type short-baseline Narol system a d  to study the 
reliability nnd accuracy of the system an a function of yield, range. type of propagation paths. and light- 
ning-translent interference. 
Narol nets. each consisting of two unmanned slave stations and one manned master station. were es- 

tabllsbed at Albuquerque, New Mexlco. Vale, Oregon. and Rapid Clty, South Dakota. Forty-three lines 
of position (from a possible 49) were ohtalned having average errors of 0.5 nautical miles for the Albuquer- 
que net. 0.4 nautlcal miles for the Vale net. and 0.8 nautical miles for the Rapld City net. 
pasitlon gave fixes having an average e r ro r  of 0.8 nautical miles. In general. the times of detonation were 
measured with an error  of less  than 10 milliseconds. 

Lightning transient data were recorded and analyzed throughout the test series at various times of the 
day. In general. I t  w a s  found that there were no consistent pattern8 peculiar to the waveforms. field 
strenghs,  or pulse durations of these translents that would distlnguish them from the electromagnetic 
pulse of a nuclear detonation. 

With this system, the film 
records of electromagnetic transients originating within a 10-mile radius of the detonation were marked 
electronically, thereby reducing the amount of data that had to be analyzed. 
The area-gatlng system was tried on six shots. On each. data were collected for about one-half hour, 

and the area-gating system correctly marked the record for concurrent Identification and analysis. With 
the record so marked, operators were able to select the correct pulse, analyze it. and report the f i x  and 
detonation time in Less than flfteen minutes. 

These lines of 

- 

To speed data reduction and analysis. an ares-gatlng system was tested. 

A.6.6 Project 6.5. Agency: White Sands Missile.Range. Report Title: Effects of Nuclear Detonations 

The effects of nuclear-warhead detonatlon on the performaace of the Nike Hercules guided-missile 

The primary objective was to determine the effects of neutron and gamma irradiatmn on the performance 

on N&e Hercules. WT-1439. 

system were lnvesitgated. 

of the guidance system. The prduction-type vacuum-tube model. the experimental transistorized model, 
and selected components were exposed during Shots Wflson. Owens. and Morgan. 
were exposed durlng Shot Fizeau. 

Project Officer: G .  E. Elder. 

Selected components 

m r o p e l l a n l s  and wanead system components were exposed during Shots Owens. Morgw, and Fizeau. 
In general, the components showed no sensible deterioration of effectiveness. 

A second objectlve was to investigate the effects of nuclear-warhead detonatlon on the propagation of 
radar signals. Measurements were made on Shots Boltzmann, Franklin. Lassen. H o d .  md Kepler. 
These measurements indicated that the signals a re  attenuated and reflected to a degree which merits a 
more comprehenslve study of this problem. Results are inconclusive for application to the effects which 
might be experience8 at Ugh a l t h d e s .  

. 
A.7 PROCRAM 8: THERMAL RADIATION AND EFFECTS 

A.7.1 ProJect 8.1. Agency: U.S. Army Quartermaster Research and Engineering Command. Report 
TIUe: Thermal Protection of the Individual Soldler, WT-1440. Project Offlcer: Frank H. Babers. 

The objectives were to evaluate in the fleld. under the condltlons of a achtal nuclear detonation, the 
performance of clothing and other items developed for the protection of the individual soldier and to pro- 
vide awlstance to the personnel of Project 8.2 in an investigatlon of the feasibility of using a skin simulant 
as a subatltuta for anlmate skin in studying weapon effects. 

The items developed to provide thermal protection for the soldier lncludad turn experimental hot-weather 
uuIform eneemblea. three shlelding materlals. a protectlve cream, and a three-layer flasboff-reflector- 
insulating system. These were exposed during Shot Priscilla to anticlpated thermal ewrgles  varying from 
10 to 25 cal/cm', together wlth awropriate controls, while using white-skiMedpigs as test subjects. 

Bath experlmentally~designed unlIorm ensembles provided conalderably greater protection than dld the 
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control. T k e e  experimental uniforms were slmllar with respect to their outer layer, fire-reslatant- 
treated cotton poplin. and a cotton tee-shlrt underlayer. They dlffered with respect to their mlddle layer, 
one uslng a light-weight 50-50 wool-cotton fabrlc and the other a fabric designed to separate t b  Inner and 
outer layers. Of theme. the unlform containlw the spacing fabric was consldered the most effectlve Ln 
preventing hums. for eight of tbe twelve anlmals exposed a t  the three stations were judged to have recelved 
esoentlally no hums. and large-area burns were no more than I+. However, all unfform assemblies were 
so damaged at all exposure levels as to be judged functionally unsuitable. 

The three shleldlng materlala tested were: (1) a light-weight cotton poplin. 5 oz/yd', fire-retardant 
treatrd; (2) an 8.5 odyd' sateew and (3) asoprene-coaled Fortisan poncho material. The shields were 
posltlowd 6 Inches In front of clothed anlmals w i t h  bare skin areas  and suhfected to radiant exposures of 
14.5 and 24 cal/cm'. The poncho mats r ld  and the flre-reslstant poplln prevented damage to the uniform 
ensemhle and reduced tbe hare-skin burns from 5+ on unsblelded animals to spotty 1+ and 2' burns. A t  24 
cal/cm' of exposure, the sateen shield offered llttle or no protection to the animal or  uniform. hut gave 
some protection at the 14.5-eal/cm1 station. All shleldlng materials were destroyed, but the effidency of 
tbe shielding principle was demonstrated. 

An experimental thermal protectlve cream, QMC 305-X and a three-layer flaphoff-refleclor-insulator 
system showed excellent protective qualities when subjected to radiant exposures .oi 14.5 and 24 cal/cm'. 

The Naval Material Laboratory conducted a skin-slmulant study in conjunct1on;wlth the QMC project 
and provided the project with data as  to the calorie levels produced at each station. The results of this 
test will be given in the final report of Project 8.2 (Naval Mater ia l  Laboratory). 

It Is consldered that the overall objectives of the test were met successfully. 

A.T.2 Project 8.2. Agency: Naval Material Laboratory. Report Title: Prediction d Thermal Protection 
of Uniforms. and Thermal Eflects on 8 Standard-Reference Material, WT-1441. Project Officer: W: L. 
Derksen. 

The &uurpose of Project 8.2 was to determine the adequacy of the laboratory metbods employed In the 
study of the effecte of Intense thermal radlatlon on materials. The primary objectlves were to determlne 
the adequacy of physical methods lor studying thermal damage to materlala and for,evaluating. by means 
of a physlcal skln simulant, the pmtectlon afforded by clothing to perswnel against intense thermal radia- 
tlon. A secondary objective of the project was to compare the burns predicted from the temperatures of 
the skln slmulnnt behind an irradiated fabric assembly and the burns obtained on animals under identical 
exposure configurations. Project 8.2 made b a s k  thermal radiation measurements for the use of Projects 
4.1. 8.1, and 8.2. 

The skh-slmulant 6tudy involved a major participation at stations which recelved radiant exposures of 
6.5 and 15.5 cal/cm' during the Shot Prlacllla (36.6 kt) detonation and at a dlstance CorrespmdinK to a 
radiant exposure of 16.2 cal/cm' for the Shot Hood ('I1 kt) detonation. Project 8.2 alsp made supporting 
measurements during Shots Lassen and Wilson. Representative cellulosic materiala were exposed during 
Shot Prlscllla at stations correspondlng to radiant exposures of 6.5, 8.5. 10, 13, 15, and 21 cal/cm' to deter 
mine orbether the lhreshold ignltion energles of these material8 determined under neld conditions verify 
the data predicted from laboratory studies. Bask  thermal radiation measurement8 were made during 
Shot8 Lasoen. Wllson. Prlscllla. and Hood. 

and temperatures predlcted by laboratory methods employed in thermal radlauon studles. The exceptlons 
were that the laboratory experiments would predict blgheq temperatures for 3.5 and the 7.5-cm-diameter 
areas  for exposures for wblch cloth would be expected to ignite than those which w r e  measured in the field 
experimmt. Blast effects are postulated to account for this difference. . 

In three of the four sltutloas for  wblch postshot data were available, tbe skln simulant adequately pre- 
dlcted turns to pig skin exposed in almllar exposum geometries. 

Measuremenid of thermal radlatlon were made successfully, and showed reasonable agreement dth the 
generalleed pulse except for a sllghtly higher irradlance after the irradiance maxlmum for  Shots Priscilla 
and Hood. 

.. 

The resulta of thh fleld experiment indicate gmd agreement between temperatures measured in the field 

A.7.3 Project 8.3a. Agency: U. 6. Naval RadiologIcnl Defense Laboratory. Report Tltle: Performance 

A Ugh-speed streak 8pdctrographlc system with a time resolution af about 100 psec, which is the proto- 
of a HIgh-Speed Spectrogrnphlc System. ITR-1442 (conaidered tinal). Project Otflosr: Wil l lam B. Plum. 

type 04 the inshmentatlon to be used for Obtalaing early-time spectra of bomb light during Operation 
Hardtack. ha. been field tested. The results obtained were highly ~atlafactory. especially d t h  regard to 
sensitlvlty ai low light levellr. The rerults Indicatad good possihlUty for ohtainlng spectra wltb reasonable 
optical density during Operation Hadtack. 
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A.l.4 Project 8.3b. Agency: Wright Alr  Development Center. Report Title: Instrumentation for Jfeas- 
uring Effects Phenomena inside the Fireball, WT1443. 

P a r t  1. This project exposed specimens within or near  thw fireballs of Shots Priscilla 136.6 kt) and 
Smoky (44 kt) to proof-test experimental instrumentation systems and to achieve more detailed informa- 
tIon concerning the thermomechanical effects of a nuclear detonation, with an ultimate objective of deter- 
mining the structural vu lne rah i l i~  of intercontlnental ballistic missiles. Thls work is related to previous 
participations by ProJect 5.4 of operation Teapot and ProJect 5.9 of operation Redwing. 

magnetic tape recorder with strain gage and thermocouple transducers. Mechanical instiurnentation in- 
cluded peak-pressure gages in four specimens, velocitydistance impact gages in five specimens, and 
thermal intensity gages in eight specimens. Four specimens were specifically designed 9s carr iers  for 
inserts of various materials including ceramics, metals. and polymers. Nine spheres of various materials 
were exposed to obtain additional ablation data. In addition, one solld graphite sphere was exposed to deter- 
mine the effects of neutron bombardment. For Shot Smoky, 24 of the specimens were exposed a t  ranges 
from 150 feet to 1.380 feet from the burst point. The majority of the specimens were suspended from 
cables ertendlng from the shot tower to deadmen. 

Of the 25 specimens exposed. 24 were recovered. The high radiation level after Shot Smoky delayed 
the major recovery eflort for approximately 5 months. The tape transport system from two of the flve 
tape recorders operated satisfactorily; the recordlng tape supply had been exhausted. Oae recorder oper- 
ated successfully through time zero but was subsequently damaged from lateral acceleratlon, and the 
tape was severely damaged from excessive heat. One recorder operated momentarily, moving the tape 
approximately inch. The exact cause of failure baa not been determined. The recorder exposed during 
Shot Prisctlla operated a short time before the tape wrapped around the pinch roll. subsequently jamming 
the recorder. Of the three tapes that ylelded signals durlng the time of Interest, one tape provided four 
channels of information that could reasonably be construed as transducer outputs. Consideration of several 
'factors involved in the data reduction process. however, casts some doubt on the amplitude validity of this 
data. 

Transistor oscillators of the type employed in the instrumented speclmzns are not capable of operating 
satisfactorily at a slant range of 350 feet or closer for a yield almilar to that of Shot Smoky. Strain- 
senritlve transducers employing bonded wire strain gages a r e  capable of belng exposed inside the fireball 
of a nuclear detonation without an appreciable change in the calibration factor a t  a slant range of 350 feet 
or  greatar with exposure conditions and yield similar to those for Shot Smoky. 
of the a r t  of recording flreball phenomena was advanced as a result of th is  test: however, i t  is believed 
the art of recordlng is not sufficiently advanced at this time to obtain usable data a t  a slant range of I60 
feet or closer for a yield slmllar to that of Shot Smoky, using the instrumentation techniques employed 
during that shot. 

versus dishace data and, subsequently. specimen acceleration versus time data. 

located in the electrlcally instrumented (ED cylloder at a slant range of 160 feet during Shot Smoky. 
plastlc skll and materials provided adequate thermal protection for the tape recorder located In the E1 
steel sphere, Type 3. a t  a slant range of 350 feet during Shot Smoky. The reduction in radlus of the spheri- 
cal plastic shell surrounding the E1 steel sphere, Type 3, was approximately 27, tlmes the reduction in 
radius of a solid steel sphere of comparable s i r e  and welght located a t  the same range. 
exposed at a slant range of 350 feet during Shot Smoky. 

The ablation specimens were spheres of plastic, steel (some clad In plastic). or zinc; many of tbese sur- 
faces contained cylindrical plugs of various test materials. Peak pressums were measured by ball- 
crusher gages. Two sets  of gages of different response tlme were mounted side by side In each steel 
sphere. 

In nylon slings. considerably decreaslng ablatlon; furthermore. fireball plasma spikes swept down the 
specimen support  cables and over the specimens ahead of the main lireball. mcdifylog the pressure-time 
history. 

It was dlscovered that the plastic was ablated much mors than in any previous test; further controlled 
te&a are needed to resolve thls important anomaly. Other conclusl~as  are that the vapor-shield tbeory 
of plastlc ablation is gtven some indirect confirmalion. that the ablatlon of metallic b d l e s  la extremely 
sensitive to ImmsrBlon time, and that a small addition of plugs of low-ablating metal to a aurface of high- 
ablatic!g metal will partlally protect the surface. 
The measured peak pressures agree to within a factor of three of theoretlcal predictions based on a 

Project Officep Charles J. Cosenza. 

Of the 25 specimens exposed. four contained time-history instrumentation consistlng of an eight-chmel 

It i s  believed tki t the state 

Three speclmens instrumented with velocity-dlstance impact gages yielded apparently reliable veloclty 

The Haveg Rocketon and plastic materials provided adequate thermal protectlob for the tape recorders 
The 

Both spheres were 

An account is given of ablatlon and pressure measurements within the fireball of Shot Smoky. P a r t  2 .  

Two events partlally obscure the results: a s  a safety meamre lo the field. the speclmens were wrapped 
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iimple model, using the numerlcal solution of a spherical blast wave given fn H. L. Brode’s "Numerical 
jolutlons of Spherical Blast Waved’; Journal of Applled Physics. June 1955, Vol 26, No. 4. Pages 766 - 
775. The pattern In whlcb calculated peak pressures deviate from theory provides the f l rs t  dlrect evidence 
;hat the pressure Input to a body immersed In a flreball splke i s  signlficantly dlfferent from that In the main 
flrebali--the pressure probably decaying less rapidly wlth tlrne at a polnt engulfed by 8 spike. A s  in Shot 
Erle  of operation Redwing, there appear Lo be sharp, localized fluctuatlons In measured peak pressure 
w e r  comparable regions of the same sphere. 

. 
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